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AN EXPERIMENTAL CONTRIBUTION TO THE 


PROBLEM OF APPARENT REALITY 
BY i 
MARGARET R. PHEMISTER 71s 
wohin) 


(From the Laboratory of Experimental Psychology, L 


of relief and reality when oriented 
The experiments were made with 
complex patterns of lines. The 
ly increases as the experimental 
found to be most favourable are 
between figure 


ae two-dimensional figures acquire a character 
two t z to the observer and viewed monocularly. 
A vs figure—a simple straight line, and more 
conditions icate that the character of reality gradual 
dissimil nS become more favourable. The conditions i 
aide, arities of size, brightness, microstructure, shape, perspective clues, 
Wi ound. 
paper pe segregating factors are operating, the figure 1 1 
orientatic akes up its own orientation in space. In the case of the simple line, this 
into acca Pay be frontal, but more usually the orientation of the background is teken 
from the D pum resulting structural organization being that ofa needle" projecting 
is such fun kground. The reality is greatest when the orientation of the background 
lgures used the needle appears to be perpendicular to the ground. The complex 
oblique xiositiu the experiments were perspective designs of parallelepipeds. „Again, the 
dimensi sition of the design associated with the greatest degree of reality of the tri- 
Sional object is that which permits the figure to be seen as projecting perpendicularly 


T m 
om its background. 


becomes independent of the 


—— 


"Ies IE ES figures à deux dimensions qui se détachent d'un caractére de réalité 
9n utilise js Observe er vision monoculaire et en position oblique. Pour les expériences 
es résultats i espèces de dessin—une simple ligne droite, et des figures plus complexes. 
expérimental montrent que le degré de réalité s'augmente en tant que les conditions 
Plus favorabla deviennent de plus en plus favorables. On trouve que les conditions les 
forme, de iaa sen sont des dissemblances de grandeur, de clarté, de microstructure, de 
Les facts P CH VE, entre la figure et le fond. : E = 
avec sa pr MES favorables donnés, la figure se détache du papier et se tient dans l'espace 
fronto-pak TES orientation. Pour la ligne droite, cette propre orientation peut étre 
résulte aralléle, mais plus souvent on tient compte de l'orientation du fond, et il en 
degré oe le champ s’organise comme une “aiguille” plantée sur le papier. Le maximum 
Pendiculain 14 se produit quand l'orientation du fond est telle qu'elle pari See oem 
Parallée. is à l'aiguille. On faisait aussi des expériences en employant des — $ 
orientali S en perspective. On trouve encore le maximum degré de réalité anen 
Perpendi n du dessin est telle qu'on le voit comme object tri-dimensionnel qui adhere 
Iculairement au papier. 


I 


THE pre INTRODUCTION 
Shbafent a work is the report of an experimental study concerning the problem of 
Tticle on realiti in perception, which was raised recently by Michotte (1948) in an 

perspective in linear design. In this article, Michotte drew the distinction 


I 
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between reality and tridimensionality; tridimensionality is possessed by both solid 
objects and perspective drawings and is defined by the possibility of its equation with 
the volume of a solid object. The character of reality, on the other hand, is related 
to the possibility of manipulation, or rather, to the belief in the possibility of manipula- 
tion, of the form and is possessed by solid bodies but not by perspective drawings. 
However, it is possible for a design to acquire this character of reality under certain 
conditions, and Michotte gives a particular instance of this: an elongated perspective 
figure of a parallelepiped, if looked at monocularly and from a very oblique angle, 
becomes free from its background and looks like a real object, attached to the paper 
by one face only (vide Figure 1.) 


FIGURE 1 (Micnorre of. cit.) 


A B 


The figure should be looked at obliquely and 

monocularly, the eye being ina position almost 

in the same plane as the paper and preferably on 
the side B of the figure. 


A simpler form of the same illusion was reported many years ago by Ladd Fr: anklin 
(1887; 1896; quoted by Sanford, 1898): a number of short lines are drawn on a shee 
of paper so that they all converge towards one point. Those lines are then looked 2 
monocula.iy, the eye being placed in the position of the point of convergence of t : 
lines and the sheet of paper being held almost horizontally on a level with the eyes: 
the lines them seem to detach from the paper and look instead like a group of shot 


vertical sticks. The conditions of this phenomenon, as stated by Ladd Franklin, 
are as follows: 


“Lines which have any position whatsoever i 
of the body (or, for small near objects, in pla 
meridian of the eye with which they are looked 
lines." 


n planes passing through the owe 
nes passing through the ect 
at) are taken by us to be verti 


The converging lines throw their images on meridians of the eye very close to the 
vertical meridian and.thus tend to be seen as vertical lines. The effect is reinforce 
by our experience that a large number of parallel lines are generally verticals, €-É 
sides of buildings, trees, etc. 
The same illusion aris2s when a single line is used; the line becomes free ant 
appears to be really perpendicular to the paper. That is, it appears to have an 
independent existence and to be no longer merely a “trace” on the paper. The 
distinction between the “trace” character of the line and its appearance as something 
standing by itself and extending in space beyond the plane of the paper may be 
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shown in a very simple way. If a simple V is drawn on a sheet of paper it can be 
seen as the perspective representation of a vertical stick standing perpendicularly on a 
plane which has as one of its features, a line which meets the base of the vertical stick. 
But if the V is looked at monocularly from an oblique angle, one arm of the V seems 
really to be detached from the paper and looks like a vertical stick, while the other 
arm remains in the plane of the paper. 

_ It seemed that a systematic study of the illusions quoted by Ladd Franklin and 
Michotte would yield data relevant to the problem of apparent reality. This, then, 
is the purpose of the experiments reported in the following pages. 

Ladd Franklin claimed that the condition which was necessary for the occurrence 
of the illusion was that of stimulation of the vertical meridian of the eye. The 
adequacy of this explanation seemed doubtful from the start, and the experiments 
were therefore devised with a view to discovering whether or not this was the only 
significant factor, and, if not, what were the other factors at work in this phenomenon. 
Two fundamental cases were studied :— 


A that of a simple straight line; 
B that of a more complex pattern. 


II 
SIMPLE STRAIGHT LINE 
TECHNIQUE A. 

The aim of the experimental procedure was to allow an observer to look monocu- 
larly at a given figure which could be presented in a variety of positions, more or less 
Oblique to the frontal plane of the observer. The apparatus consisted of an optical 
bench, the arm of which was set parallel to the line of regatd; card-frames which 
Were rotatable about their vertical axes could be fixed at any given distance from the 
Observer. The head of the observer was held steady in a head-and-chin rest, the 
height of which could be varied; by this means it was ensured that the eyes of each 
obsérver were on the same level, so that the horizontal meridian of the eye and the 
horizontal ‘axis of the card-frame should be in the same horizontal plane. The 
Beneral background of the apparatus was non-homogeneous—glass and woodwork 
of apparatus cases: in this way, the observer was better able to sce the true orientation 


of the card frame than if the general background had been a homogeneous screen. 


uring the experiments, the subject's left eye was covered; both eyes were closed 


between successive presentations. The presentations were made in a series which 
irate with the frame set in a frontal position; the frame was then rotated 
o so that the angle between the frame and the line of regard gradually 
~ creased; the actual angles of presentation being 90? (frontal), 70°, 50°, 40°, 30°, 25 » 
the 15°, 10°, 5°. For each position of the frame, the subject was asked to report on 
* appearance and location of the line. , 
Three subjects took part in this group of experiments. Each experiment was 
made only once with each observer, except in the case of the first observations that 
Were made. These were carried out with lines of different lengths, these series being 
Presented three times to each subject. Study of these results suggested that a fairly 


Clear general picture could be obtained by presenting only one series to each subject. 


Discussion of the Group A Experiments. rf 
_ The first experiments were made with a horizontal black line of length 6:6 cm. and 
Width 1 mm. which was placed centrally on a square white card of side 20 cm. From 
€se first experiments certain general conclusions could be drawn which were 


Supported by all the later experiments. 
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Firstly, it is clear that the impressions which arise depend on the angle between 
the plane of the card and the line of r 


; When the card is presented in the frontal plane "d 
line is clearly seen to be designed on the paper, but by 70° it begins to free itself fro 
its background, and this freedom gr 


complete freedom, though sometime: 


Secondly, it is necessary 
tion which may arise: 


(a) The line sticks to the paper and is seen in the same perspective as the Nr 
frame, but there is practically no constancy of length, and phenomenally th 
line becomes gradually shorter as the angle of presentation decreases. 4 

(è) The line achieves a greater or less degree of freedom from the paper. e 
in the frontal plane, although it appears to be on the paper, it does not er y 
belong to the paper. In the case of our technique, using black lines on p. e 
white paper, it is particularly noticeable that there is in the line no par 
the microstructure which is apparent in the surrounding paper. As e 
angle of presentation decreases, the distal end of the line becomes more 2 ad 
more free of the ground, while the freedom of the proximal end increas 
to a considerably less extent. Consequently, the line is often seen as er 
Or broken. At the most acute angles, the independence of the line increas 
to such an extent that the line touches the paper only at its proximal e 
and it is seen z3 a “needle” sticking into, or sticking through, the backgrot 3 
The angular relation between the “needle” and the paper is at first, usua i 
somewhat acute but gradually increases towards perpendicularity for t 
smallest angles of presentation. d 

(c) Theline achieves complete freedom from the ground; it appears to be locate 
in the frontal plane and quite unrelated to the paper. The location a? 


I ê 
appearance of the ground are not very clear; sometimes it also seems tO b 
frontal, of trapezoid form, b i 


Fas the appearance of a “fog” 


Thirdly, it seems that ental conditions are ambiguous, inasmuch as 
identical physical conditions may give rise to these differently structured impressions, 
either on different occasions or during a single Prolonged observation, when ther 


Pes of organization. It is possibi 
types of structure. For instance, 


to distinguish three different types of structural organiza- 


the experim 


f ntal structure, perceiving this organization at an 
earlier stage of the series than he could perceive t 


Other factors influencing the type of stru 


Fe 


à 
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instead of a vertical line, have disproved Ladd Franklin's claim that verticality is a 
necessary condition. 

In order to ascertain whether or not vertical lines have any privilege over lines 
which throw their images on the horizontal meridian of the eye, the apparatus was 
changed in such a way that the same card (with the 6-6 cm. black line) was presented 
so that the line was vertical and the card was rotated about the horizontal axis 
instead of the verticalaxis. The same series of angles of presentation and the same 
conditions of observation were employed. The results from these series were almost 
identical with the results from the horizontal line. Asa further control, two more 
cards bearing straight black lines of 15 cm. and 3 cm. were presented so that the lines 
were vertical and. rotated about a horizontal axis. The results from these were 
again similar to the results obtained when the same cards were presented so that the 
lines were horizontal and rotated about a vertical axis. . ] 

A second change in the apparatus enabled us to present the frame in any oblique 
position, with the axis of rotation also oblique, instead of either vertical or horizontal. 
Again the figure used was the 6-6 cm. black line on the 20 cm. square white card. 
Initially the frame was set so that the line was horizontal; then the frame was tilted 
sideways about the sagittal axis so that the axis of rotation which had been vertical 
was now oblique. The frame was then rotated about this axis in the usual manner 
and as in the previous experiments, the line frees and stands out perpendicularly 
from the card for the smaller angles of regard. The strength of the impression of 
reality is in no way less than that obtained when the presentation was made about a 
horizontal or a vertical axis of rotation. In fact, if the acute angle between the card 
and the line of regard is maintained and the whole frame is rotated round the sagittal 
axis, the observer perceives no change in the quality of the impression, but merely 
sees an oblique white plane, out of which projects a short black needle, the whole 
thing being rotated in space. It is clear that throughout this experiment the line 
threw its image on some meridian of the eye and that this meridian was always 
perpendicular to the meridian which was parallel to the axis of rotation of the card. 

These experiments provide further evidence in support of our criticism of _the 
theory of Ladd Franklin, since it seems that exactly the same results are obtained 
whatever the position of the line or the plane, provided that the plane 1s rotated 
about an axis perpendicular to the line. 

__All the following experiments are classified into six groups, ea 
ight on a specific factor which it seemed might have some 
phenomenon. " 


ch of which throws 
influence Ôn the 


To start this more detailed study, it was decided to investigate the possible 


influence of having the line oriented on the card in such a way that it was not perpendicu- 
lar to the axis of rotation, or to impose fixation conditions which made it impossible 
for the subject to see the line as perpendicular to the axis of rotation. For the first 
Part of the investigation, the material consisted of a set of cards, 20 cm. square with 
Straight black lines of length 6-6 cm. and width 1 mm. designed on them at angles of 
5^, 10°, 15°, 20°, 30°, 40°, 50°, 60°, 7o? to the horizontal, in such a way that the 
Proximal end of the line always occupied the same point of the card. The centre of 
the card was 40 cm. from the right eye of the subject. The procedure and apparatus 
“sed was that described in Technique A. Though no point of fixation was 
imposed, it is probable that the observers viewed the line in such a way that its image 
a on one of the oblique meridians of the eye, and so it was impossible for the subject 
© see the line as projecting „perpendicularly from the background which was rotated 


TO : ; 
und a vertical axis. 


i, 
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The results from this series of experiments show that oblique lines also achieve à 
certain degree of freedom from their background, but that this freedom is not so 
pronounced as in the case of the horizontalline. The strength of the impression of 
freedom appears to decrease as the angle between the line and the horizontal in- 
creases and disappears altogether for small angles of presentation when the projection 
of the line on the retina is almost vertical, i.e. almost coincident with the axis of 
rotation, the line then appearing as a vertical trace on the vertical card. 

Some individual differences are noticeable, making it therefore impossible to 
indicate clearly defined limiting positions associated with the different impressions. 
As previously noted, Subject B shows distinct preference for the “needle” type of 
structure. And, of the three subjects, M perceives most readily the true perspective 
structure of the field, while B most easily sees the line freed from its background as a 
real object. But for all three subjects the type of change in impression was similar 
as the conditions varied; for instance, for two presentations such that M perceives 
the line, in one case, as designed on the paper and, in the other case, as a needle with 
a small degiee of reality, B is able to perceive the former as an unreal needle and 
clearly sees the second as a very real needle. In other words, the trend of the changes 
is the same, but it would be possible to give definite quantitative measures of the 
conditions corresponding to the different types of impression, only if large numbers 
of subjects were used and the results treated statistically. 

The second part of this investigation was to arrange the conditions so that the 
stimulus line did not throw its image on a meridian of the eye, and so could not be 
seen perpendicular to the axis of rotation of the card. A horizontal black line, length 
6:6 cm. and width 1 mm., on a square white card of size 20 cm. was presented to the 
subject four times in succession: the first time, the observer was asked to fixate the 
proximal end of the line; the second time, to fixate a point 1 cm. below this end of the 
line; the third time, to fixate a point 2 cm. below the end of the line; the fourth time 
to fixate a point 3 cm. below the end of the line. 

The responses showed that as the image of the line became farther removed fi'om 
the meridian of the eye, the more difficult it became to see the line projecting from Hie 
paper. Fixation of the tip of the line favoured the freeing of the line, and gave the 
“needle” structure of the field preference over the “frontal” structure. For all the 
series where the point of fixation was below the line, the impressions were not alto- 
gether clear, even for the frontal presentation of the card. From the point © 
fixation nearest the line, the line was seen as a needle for the more acute angles ? 
presentation, but not as easily in this series as when the line itself was fixated. Fro™ 
the poiñt of fixation 2 cm. below the line, the line was seen as a needle only for one GE 
two of the most oblique positions of the frame, and this organization was not very 
stable. The “needle” organization was not achieved at all when the lowest poi? 
was fixated. The lack of sharpness of the line in these latter cases made it difficult 
to define any relation between the line and the paper and so the line was often see? 
in a frontal plane. 

Summarizing the results of these experiments, we know that a line will detach 
from its background and take on a stable character of reality only if its retina 
image falls on, or near, a meridian of the eye. We also know that the character 9 
reality of a line is very weak if the line is not drawn perpendicular to the axis O 
rotation of the ground. Since we have already shown that the illusion can atic? 
whatever meridian of the eye is stimulated, the absence of the illusion in this case 
cannot be attributed to the absolute orientation in space of the line; hence, we may 
conclude that it is the condition of perpendicularity between line and plane which is 
significant. To illustrate the truth of this, the apparatus was changed so that the 
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frame could be rotated about all three orthogonalaxes. The material used was the 
set of cards bearing lines which were oblique with reference to the coordinate axes 
of the cards. Here again it appeared that by adjusting the position of the plane 
with respect to three axes, it was possible to find an orientation of the plane which 
enabled the observer to have a strong impression of reality from the line. When this 
orientation of the plane was achieved, it was always found that the relationship 
between the “needle” and the plane was that of perpendicularity. 


nfluence the length of the line and the size of 
For the first observations, the size of the 
card was kept constant, 20 cm. square, the breadth of the black lines was kept 
constant, r mm., but the lengths of the lines were varied. Three different lengths 
of horizontal line were used— 3 cm., 6'6 cm., 15 cm. Following this, observations 
were made using smaller cards, again white, 10 cm. x 6cm., with lines of width x mm., 
and lengths 3 cm. and 6:6 cm. The cards were presented so that the lines remained 
always on a level with the horizontal meridian of the eye and the method of presenta- 
tion was that described on p. 5. The vertical axis of rotation of the frame was 
I00 em. Írom the eye of the observer. 

From the responses to these experiments it appeal } 
frees more readily from its background than does a longer line. But that this is a 
question of relative length rather than absolute length is shown by the fact that lines 
of equal length on different-sized backgrounds tend to stick more readily to the 
Sage) ground; hence the line of 6-6 cm. shows less freedom from the small card than 
s the large card; and this is also true of the line of 3 cm. although its degree of 

reedom from the card still remains greater than that of the. 6:6 cm. line. 


It seems, too, that at our observation distance, the smaller cards are more easily 


S i i H : H E n "RC 
en in their true orientation than the larger cards, which readily take on an indefinite, 
rather to the “frontah” type of 


foggy „appearance and therefore lend themselves 
ganization than to the "needle" type. Thus the absolute size of the card may 


pne tlie position taken up by the line when it is free, but it is therelative sizes of the 
fi and the ground Which determine whether or not the line shall become free in the 
rst place. 
cate © complete this section of the investigation, an experiment was made a a 
to T card, 20 cm. square, which had a line drawn horizontally across it, from p 
results { representing the limiting case of equality of size of line and ground., The 
— ther, rom this experiment were exactly what one would expect from such conditions 
inte uc. absolutely no tendency to freedom of the line, which remained rompletely 
ntegrated with the,card for all positions of presentation and appeared as a dividing 


Ine : 

belonging to the contour. 

a i H H 

Obs The possible variation of impression with change in distance between figure and 
ar erver was the next problem to be examined. The cards used here were the three 
"mes cards, 20 cm., bearing the lines of lengths 3 cm., 6:6 cm., and 15 cm. These 
Co S Were presented at a distance of 40 CM. from the subject, and the responses 
hes Pared with the responses given when the same cards were presented at 100 cm. 
with the subject. The most striking difference in the results is the greater ease 
«2 which the lines are seen in perspective when the cards are presented nearer the 


"-Ject. This is achieved, at least in part, as @ consequence of the difference in sharp- 
s ness being shared by the two edges 


he the ends of the lines, the difference in sharp being $ ) 
Tom — Probably at short distances, since y of perspective clues 
similarit, line and the card is then more apparen 

ity goes to unify the figure and the groune. 


2. The next step was to discover what i 
the ground might have on the illusion. 


rs quite clearly that a short line 
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4. A necessary condition for the illusion is the use of monocular vision and so this 
must be listed as one of the significant factors at work in the phenomenon. In 
binocular vision, the presence of binocular parallax which acts in the same way for 


both the line and the card, results inevitably in their being seen as a unit, a line 
traced on the card. 


5. The material for the next set of experiments was devised with a view to discover- 
ing what influence the factor of brightness difference would have upon the phenomenon 
under investigation. The material consisted of three white cards, 10 cm. x 6 cm» 
one having a pale orange line, 3 cm. x 3 mm., designed on it; another having ê 
darker orange line of the same size; the third having a black line of the same size- 
The figures were presented at a distance of 100 cm. from the observer. 

The lack of ambiguity or individual differences in these results makes it quite clear 
that the greater the similarity of brightness of figure and ground, the more strongly 
unified the two remain; and it is only when there is a very marked difference in bright- 
ness, that the line achieves total freedom and is seen as projecting from the ground, 
for very acute angles of presentation. 


6. During the first experiments it was remarked that even when the figure was 
presented in the frontal plane, it had a certain amount of independence, and We 
thought that this might be due to the fact that there was no trace of the micro" 
apparent in the figure. To determine whether or not this 
difference in surface appearance was an influential factor, it was necessary to discover 
whether or not the illusion still occurred when the microstructure of the ground an 
figure was the same. For this purpose, small transparent coloured rectangles Were 
designed on cards, 10 «m. x 6 cm., of mottled grey paper and of white paper of very 
rough surface. These irregularities of surface appearance were visible through the 
transparent - figures, Control cards of the same material but with heavy blac 
rectangles of the same size, through which the microstructure of the ground was ne 
visible, were also used. These figures were presented at a distance of 100 CM% 
The results from these series of observations were very striking, in goad lighting» 
when the microstructure was clearly visible, the transparent figures were aet 
persistently as coloured patches on the surface of the paper; while the opaque B 
figures achieved a fairly Strong degree of freedom. These results may be partly 
attributable to differences in brightness; but that they are in large measure due to ae 
differcaces in microstructure is shown by the fact that in weaker illumination, whe? 
the microstructure is not clearly visible, the figures showed some tendency to freedom! 


III 
GENERAL CONCLUSION TO 
These experiments have made it clear that there are a number of factors which 
may be favourable or unfavourable for the freeing of a drawing from its backgrount 
Any factors which help to unify the figure an 
the figure from becoming independent, 
and ground favour the perception of th 
with the appearance of reality. 
All the factors can be listed in such a way 
ably for the phenomenon: 
Orientation of the card in such a wa 
to the background. 
Marked difference in size between figure and ground so that there is no tendency 
for the line to form a whole with the contour of the card. 


Group A EXPERIMENTS 


Factors which help to segregate the figure 
€ figure as something standing on its oW™ 


as to show how they can operate favour 


y that the line may be seen as perpendicular 
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Lack of similarity of perspective clues from figure and ground—in particular, the 
perspective clues which arise when there is not a very great distance between 
figure and observer. 

Use of monocular vision. 

Strong brightness contrast between figure and ground. 

Strong microstructure contrast between figure and ground. 


If the converse factors are operating, the figure belongs entirely to the ground. 

In conclusion, we may say that as long as there are integrating factors present, 
the line belongs to the card, or sticks to the card, and is seen as being drawn on it. 
On the other hand, when segregation factors are at work, the line is freed from the 
card. And, this being so, we might expect, a riori, that the Jine would always 
appear in the frontal plane, independent of the card, since the line always appears 
in the frontal plane when it is seen through a reduction screen. This is what actually 
happens in structure (c) (p. 4); but, generally, since there is no reduction screen, the 
Card and its orientation in space are clearly seen and it is therefore seen asa real 
object tilted in space and not as a film colour. Consequently, we are having to do 
With a more complex structural organization including both line and card. Under 
these conditions, our experiments have shown that the maximum freedom of the 
line is given when the line seems to be perpendicular to the card. It seems, then, 
that this perpendicular structure may be considered as a pregnant structure or pattern. 
And this is shown by the fact that in such cases, the line does not appear to lie in the 
frontal plane (as it does in structure (c) ) but instead its position is determined by the 
Perpendicularity as such. There are, then, two possible “freedom structures— 
total independence, or integrated structure of line and background which possesses 
most freedom when it has the favoured perpendicular form. . k 

To show that the perpendicular organization of the field was immediate, 
tachistoscopic experiment was made. The field presented in the tachistoscope was 
a white card, oriented obliquely to the line of regard, the card hearing simply a short 
black line, The point of fixation corresponded to the position of the proximal end 
of the line, In tachictoscopic presentation to four subjects, this field was organized 
Immediately in the structure of an oblique white card with a short black pin proj ecting 
from it. Thus the freedom of the figure from the ground seems to be immediately 
8iven, independently of eye-movements. A control experiment, using a card with a 
Teal pin projecting from it, showed that the observers perceived no difference between 
the card bearing the line and the card bearing the real pin. The subjects for this 
experiment had all taken part in previous experiments and so these results might be 


influenced by training; this should be controlled. 


IV 
EXPERIMENTS B. COMPLEX PATTERNS à 
The use of a complex pattern immediately introduces a change in the quality of 
; Perception: many such figures can be seen even binocularly as perspective draw- 
8s, and certain ones, such as cubes, parallelepipeds etc., have a special perspective 
Value, So that these complex figures have a stronger potentiality of reality than a 


p maple straight line. We may start, however, with the simplest cases. Reference 
as already been made to the case of the V which is seen, under conditions of mono- 
a vision and acuteness of angle of regard, as a vertical stick standing on an 
t which meets the base of the stick. 


obli 3 
blique plane which has a line designed on i ; ^ 
ti 1S "stick" has much more reality than has a single line seen under the same condi- 
ons, The strong impression produced by the V is demonstrated by slowly turning 

aper bearing the V, still looking at it monocularly and obliquely, so that the arm 


a 


cul 


the p 


IO QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


which first appears as a stick gradually sinks into the plane of the paper and the other 
gradually rises out of the paper and becomes the stick. The presence of the second 
arm of the V, by its dependence on the paper, seems to accentuate the independence 
of the first arm. A further reason for the stronger impression of reality aroused by 
a complex pattern is probably to be found in the fact that a complex of lines helps 
to give more structure to the ground as well as to the figure; and hence it helps to 
define the relation between the figure and the ground. And, as it has become clear 
from the previous group of experiments that the angular relation between the figure 
and the ground is of great importance, any conditions, such as complexity of desig” 
which help to emphasize any such favourable relationship will necessarily enhance 
the character of reality of such a figure. 

This was shown strikingly in an experiment using a white card, 20 cm. C 
with a black horizontal line, 6:6 cm. long and 1 mm. wide, drawn on it and crossed à 
its proximal end by a short, thick, black vertical line. The card was presented to E 
subjects according to Technique A (p. 3) and the differences between the responna 
to this figure and the responses to the simple line of the same length on a card of t : 
same size, are very marked. The horizontal line of the T-shaped figure was seen a 
projecting from its base, with a strong degree of reality, and never seen as & tor 
pletely detached line in the frontal plane with no defined relation to the backgroun® 
as often occurred with the plain line. lex 

A further series of experiments was made with a variety of more or less comp. 2: 
patterns. The figures presented were of two types: simple contour figures whe 
outline was + I mm. thick; and similar contour figures enclosing a straight horizon s 
line of length 6-6 cm. and width 1 mm.; these figures were designed on white caro" 
20 cm. square, and were presented at a distance of 100 cm. from the subject. ) 
technique of presentation was the same as that of the Group A experiments (p: 2 
The simple contour figures included: Square; rectangle with long horizontal E 
cross with long horizontal arm. The figures enclosing the straight line were: yt 
rectangle; figure with straight sides and curved ends—two of these were use e f 
being very narrow, and the other being less narrow so that the sides of the figure W 
farther removed from the enclosed line. ws 

The results from these experiments indicate that a figure whose perspective follo 
that of che card is seen most easily in the plane of the card. Not only is it true bet 
such a figure is seen more easily in the plane of the card, but if it encloses à simp o 
straight line sufficiently closely for the figure and the line to form a unit, the line aJ5 


is held to the plane of the background. Exceptions to this general rule are foU re 
when the frontal form of the figure, i.e. the stim or mo 


pregnant than, the perspective form. 
later to be of major significance. ë 
Some experiments were also made with simple parallel lines, but the results wer 
fairly inconsistent among the different observers and several very different structu" 
organizations were produced. is 
The final experiments were made with true perspective figures. Two sight) 
different designs were used, but the method of producing them was the same. A sr? 
wire parallelepiped of square cross-section 5 cm. and length 8 cm. (thickness 
wires, + r5 mm.) was set perpendicularly against a white vertical baekgrou? ; 
40 cm. square, so that the posterior square face of the model was flat agains’ is 
background and the sides of the model were horizontal and vertical. be 
parallelepiped was then photographed, but in order to have a good perspecti” 
image, the camera was placed sideways towards the right and at a higher level thar 
the parallelepiped. For the first photograph, the distance from the centre of t 


ulus form, is as pregnant as, 4 
This question of pregnancy will be sho 
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model to the lens of the camera was 87 cm.; the “horizontal” angle (i.e. the angle 
between the horizontal projection of the optical axis of the camera and the plane of 
the background) being 71° 20’, and the “vertical” angle (i.e. the angle between the 
optical axis of the camera and the vertical axis of the background) being 74°15’. A 
second slide was made under the conditions: distance from lens to centre of model, 
81 cm.; “horizontal” angle, 69°; “vertical” angle, 81°. Several identical copies of 
these exact perspectives were made on photographic paper by projecting the slides 
on to a screen under the same conditions of distance, vertical angle and horizontal 
angle; so that the image thrown on the screen was the exact perspective representation 
of the real figure and on the same scale as the real figure. 


TECHNIQUE B (1). 

Two of the identical designs made from the first slide were used in this first set of 
experiments. One was fixed in the “correct” position, at 87 cm. from the eye of 
the observer, at a “vertical” angle of 74° 15), and ata “horizontal” angle of 71? 20', 
so that the image thrown on the retina by this design should be exactly the same as 
Would have been thrown by the real parallelepiped if the eye of the observer were 
in the position of the objective of the camera. The other design was fixed on a 
frame whose centre was 87 cm. from the eye of the observer and on the same level: 
the observer was able to change the position of the frame which could rotate about 
its vertical and horizontal axes. The subject, whose head was fixed in a head-rest, 
Was required to compare the two figures and vary the position of the frame so that 
the difference in reality between the two figures should be maximum. After this 
first adjustment was made, the subject was asked to alter the position of the frame 
again in order to find some other orientation which gave an equally strong impression 
of reality. These double adjustments were made five times by four subjects: all the 
qos agreed that the impression of reality evoked by the exact design as seen from 
the exact point of view was considerably less strong than the impression of reality 
Called out by the same design seen from a different point of view, and the required 
adjustments were made without any difficulty. It should, however, be noted that 
When the design was adjusted to the position of greatest reality, the apparent shape 


of the parallelepiped was quite different from that of the control figure. 


R 
“sults and Discussion of Experiment B (1). 


nl the course of the adjustments of the position of the ag es bee ie 
a iation i ilti ither axis. The initial fron 
of t ge of variation in the tilting about er Fan tnt bot at, un 


he frame is tak. 4 Ass 
en as being represented by angular V? x 
We results are divided into groups of roughly comparable sizes and the ae 
9 voc groups are taken, the frequencies of the adjustments for the different coup 
ttical and horizontal angles are: 


‘ Vertical angle Horizontal angle —— . Frequency 
(i.e. tilt about horizontal axis) (i.e. tilt about verlical axis) 

Average Range of group Average Range of group : 
54:5? bah 50° a z 

48° RT A 65-53? 

| 41? PE 52? 587-45. - 
37. 38°-34° 46° 55^ : 
31° 33°-20° 45° 537-37. 7 
24° 289 21? da? 51°-48 

ps EL e first presentation bringing the total 


Dump, jects made only a single adjustment at th 
er of adjustments to 38 instead of 40). 
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It is to be noted that these angles are not immediately comparable with the 
positional angles of the control figure in this experiment, because of the difference 
of position of the two drawings relative to the eye, but the results do indicate that 
certain combinations of vertical and horizontal angles evoked impressions of reality 
much more frequently than did other combinations; and, more particularly, that the 
greater the horizontal angle, the greater must also be the vertical angle to produce a 
strong impression of reality; and vice versa. 

Taking the averages of the first, preferred, adjustments made by the subjects 
during the five series of observations, we have— 


Subject P .. Av. vertical angle 45? Av. horizontal angle 50? 
Subject M .. zi 43° a 55° 
Subject K .. d 39* » 50? 
Subject B .. 5 30° ü 42° 


The figures for the first three subjects suggest that there seems to be an optimum 
position for the appearance of reality of the design, and that this position is certainly 
very different from that corresponding to the real perspective. The results from 
Subject B were not altogether consistent with the results of the other three subjects, 
but it was discovered that the form of figure appearing most real to this subject was 
different from that preferred by the other subjects. This will be discussed later. 
At this stage of the experiments it was sufficient to note three general points. 


I. A given design of a parallelepiped evokes a less strong impression of reality 
when it is set in its correct position, corresponding to the exact position of 
the real parallelepiped from which the design was made, than when it is set 
in some other. position where there is a more acute angle between the plane 
of the design and the line of the regard. In other words, a drawing does not 
have its greatest degree of reality when it stands in a position exactly corre- 
sponding to its perspective. 

2. Positions in which the design arouses strong impressions of reality may be 
achieved by changing the angle between the plane of the design and the 
vertical, and the horizontal angle between the plane of the design and the 
frontal plane of the observer. ` 


3. For any such design, there is probably an optimum position where its 
appearance of reality is strongest. 


Further experiments were therefore planned to derive more detailed information 
relative to these two last general conclusions. 


TECHNIQUE B (2). 

The same apparatus and the same design were used for this 
as had been used for the previous set. Only the procedure was varied. The experi- 
menter set the frame at a certain vertical angle (thus the frame was tilted forwards) 
and the subject, looking monocularly, was asked to adjust the horizontal angle of 
the frame (i.e. to turn the frame around its vertical axis) so that the character of 
reality of the figure should be maximum. Ten random series of adjustments for 
seven different vertical angles were made for the same four subjects who had partici- 


pated in the preceding experiment. The subjects were also asked to describe the 
form of the figure when i* seemed most real. i 


set of experiments 


Results and Discussion of Experiment B (2). 


The results for the three subjects M, K, and P followed the tre 


f c nd indicated in the 
preceding experiment; as the vertical angle of the frame was incre: 


ased, the horizontal 
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angle was also increased to give the most satisfactory impression of reality. The 
` average values of the adjustments of these three subjects were as follows: 


Horizontal angle 


Vertical angle Subject M Subject K Subject P 
55° 561° 51:1? 58:2? 
50° 55:9* 5r6* 588^ 
45° 531° 52:6" 572^ 
40° 516° 498 544^ 
35 484^ 50:6" 542° 
30° 46:9? 492 52:2 
25° 472° 479° 48:6* 


On the other hand, the results of Subject B showed an opposite tendency; as the 
vertical angle was increased, the horizontal angle was decreased. 


Vertical angle Horizontal angles: Subject B 

55° 35/57 
50° 347° 
45° 372^ 
40° 4r4 

35° 431 
30° 442^ 
25? 48:67 


This inconsistency in the results becomes intelligible when the descriptive results are 
taken into account. For the three subjects M, K, and P, the figure seemed most 
d real when it appeared to be projecting perpendicularly from: the background; for 
Subject B, the figure was most real when the oblique lines of the figure were hanging 
down vertically from the background: that is, for Subject B, the foría most real 
-Was that in which the projecting lines lay in fronto-parallel positions; fór subjects 
M, K, P, the form most real was that in which the projecting lines were perpendicular 
to the posterior face of the figure and therefore not frontal with respect to the observer. 
It seems, then, that there are two possible favourite positions in which a figure may 
possess a maximum character of reality. The existence of such favoured positions 
implies a functional relationship between the vertical and horizontal positional 
angles of the figure, relative to the observer; the actual relationship between the two 
being different for the two types of organization. For what is probably thc: more 
usual type of organization, the relationship appears to be in terms of one angle 
being an increasing function of the other, and this corresponds to appareat per- 
pendicularity of the parallelepiped on its background; in the other case, the one angle 
Seems to be a decreasing function of the other. 


TECHNIQUE B (3). 
. Theother tentative conclusion which was drawn from the preliminary experiments 
in this group and which demanded verification, was that there is an optimum position 
Or Such a design to give the strongest impression of reality. A method for testing 
this conclusion was devised and the material employed consisted of five of the identical 
designs.which had been used in the two previous experiments. These five designs 
Were fixed, one below the other so that the distances between their centres were 
Constant, at 19 cm.,on a wooden frame which could rotate about its vertical axis. 
Lr Observer's head was held in a head-rest in such a way that the distance from his 
Y Eht eye to the centre of the top design was 87 cm. and the angle between his line of 
egard and the vertical axis of the frame was 74° 15’; so that when the frame was 
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rotated to the horizontal angle of 71? 20' (9o? representing as usual the frontal 
position of the plane) the top design was in the “correct” position, according to its X 
perspective. 

Before the experiments were made, each subject was shown a specimen drawing to 
indicate what was meant by apparent reality; most of the subjects had never per- 
formed such experiments and so it was necessary to start with a short demonstration 
to show what was to be observed and none of the experiments were started until the 
subjects fully realized the difference between a perspective drawing and a drawing 
possessing apparent reality. A 

The procedure of the experiment was as follows: the frame was set in a fairly 
oblique position and the observer was asked to look monocularly at the five designs 
and say which one (or ones) seemed the most real. The frame was then set at a 
different horizontal angle and the subject again required to judge the comparative 
reality of the five parallelepipeds. Five series of observations were made with each 
of thirteen subjects, each series consisting in the presentation in random order of the 
figures in the positions corresponding to the horizontal angles 71? 20', 60°, 50°, 40 » 
35°, 30°, 25°, 20°. At the end of the five series, the subject was asked to look at the 
top design only, set in the control position of 71? 20' and answer the following three 
questions: 


What is the shape of the figure? 


What is the orientation of this figure with reference to the background? 
What is the orientation of the posterior face of the figure with reference to the 
background? 
The frame was then set in an oblique position and the subject asked to look only at 
the design which, according to his previous judgments, had the strongest appearance 
of reality, and the last two questions, referring to the orientation of the figure itself 
and of its posterior face, were repeated. 


Results and Discussion of Experiment B (3). - 


The percentage results in favour of each design are given ip the following table. 
The designs are numbered 1-5 according to their position on the frame, No. 1 being the 
top one and No. 5 the lowest one; associated with their positional number is the 
“vertical” angle between the line of regard, directed at the centre of the appropriate 
design, and the vertical axis of the frame. If two or more designs were considere 
equaliy real, both preferences were noted: hence the number of judgments for any 
position of the frame may exceed the total number of series of observations (65). Ifall 
thedesigns were seen as equally real, or unreal, this response was classed asDoubtful(?)- 


Design Te 
number I 2 2 number 
s 4 5 ? Of 
Horiz. | Vertical judg- 
angle angle 74° 15' | 63° 6' | 53° 43’ 46° o' 40? 6 ments 
71? 20° 25:3 341 II 8-8 s Ir 91 
60? 141 318 247 15:3 M 2:3 85 . 
50? 145 20:5 3071 22:9 10:9 1:2 83 
40° 75 10-8 301 36:6 15:1 = 93) lu 
35° rF 43 29 41-9 16-1 II 93 
30? 92 39 19:7 52-6 145 EN 76 
25° 6:7 zz 16:8 51:7 21:3 1 89 
20° 79 57 13:9 455 273 s 88 
€—————————ÁÉBÓ—ÓÓÓM iai ea 
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The trend of the results is similar to that of the other experiments, showing that 

. there is some kind of functional relationship between the vertical and horizontal 
angles of presentation. But it is also apparent that there is an optimum position 
for this design, i.e. at a horizontal angle of about 30? and a vertical angle of about 46°. 
These quantitative results are borne out by the descriptive results; although most of 
the observers could pick out, for any angle, one or two designs as being more real 
than the others, the designs which were picked out as the most real at the large 
horizontal angles did not look as real as those picked out as being most real at the 
more oblique angles of presentation. Even those subjects who found difficulty in 
distinguishing different degrees of reality between the designs at any given horizontal 
angle, agreed that they had more reality for the more oblique positions of the frame. 


The responses to the questions regarding the shape and orientation of the figures 
were very consistent. For the design in its “correct” position, all the subjects saw 
the figure as a cube or parallelepiped, oriented obliquely to the background, but in 
almost all cases the posterior face itself was seen to be in the same plane as the 
background. Occasionally, however, this face was seen to be oblique to the ground 
in the same way as the figure as a whole. But the greater number of subjects gave 
the apparently contradictory responses which imply that the posterior face of the 
figure is situated in two different planes at the same time. When the questions were 
repeated in reference to the design when it was in the position associated with the 
Strongest impression of reality, the figure was seen to be perpendicular to the back- 
ground by all but one of the subjects. Once more, the form of the figure was no 
longer that of an elongated parallelepiped, or even a cube, but had the shape of a very 
flat parallelepiped. " 

Following this, the five designs were replaced by five other identical designs 
made from the second of the photographic slides (the angular values 63? and 8r 

.exactly the same apparatus and procedure were used with. five subjects and the 
percentage results, shown in the table below, completely support the results of the 
former investigation. The functional relationship between vertical and horizontal 
angles is again apparent and the existence of an optimum position is clear, though 
this position is evidently different from the optimum position for the first design. 


a LE 


Design " ? Eos 
number 1 2 3 4 2 à a of 
Horiz. | Vertical dni 
angle angle 74° 15° | 63° 6! 53° 43’ 46° 0’ 40? 6 ments 
25 20^ 531 31-2 6:2 = pn 9 rs 
id 594 | 344 oe = = = 34 
no. 471 41-2 1r8 = pe sa A 
49 27:6 65:5 6:9 PES e = $9 
Sie 20:7 758 34 = E = 30 
Se 13:3 8o 67 ED = o 
no 10 833 67 Ex = m 25 
The angles (71? 20' and 74° 15’) which corresponded to the exact perspective of the 
ie design did not correspond to the exact perspective of the second design, but were 
ed in order to have exact y the same experimental conditions. 
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V 
GENERAL CONCLUSION 


The most important conclusion to be drawn from the Group B experiments is 
that a simple perspective drawing is not most real when it is designed in such a way 
as to be perspectively correct from the point of view of the observer; though it is 
perhaps in such a case that there is the greatest degree of likeness between the shape 
seen in the picture and the Shape of the represented real object. This is certainly 
true for ordinary pictures, generally speaking. But it is not under these conditions 
that one has the strongest impression of apparent reality of extension in the third 
dimension. The results of the experiments also indicate the probable reason why 
this is so, and consequently the conditions under which a given design will acquire 
the character of reality. There is a conflict in the perception of a perspective drawing 
when it is looked at from a normal point of view. In the particular figure we have 
been using, the conflict arises because the parallelepiped is normally seen as oriented 
obliquely to the background; i.e. the oblique lines of the figure do not seem to be 
perpendicular to the background. But these lines are seen to be perpendicular to the 
posterior face of the figure. Yet the figure is so placed on the paper that this posterior 
face appears to be located in the plane of the paper and if this were true then the 
oblique lines should seem to be perpendicular to the paper, which is evidently not 
true. The conditions, then, are such that the figure cannot be satisfactorily seen as 
a real form oriented either obliquely or perpendicularly on the background. The 
conflict arising from these two Opposing organizations is resolved by the loss of 


reality of the figure which is therefore seen as a two-dimensional representation of a 
solid object. 


Therefore one world Suppose that if the objective conditions were arranged in 
such a way that no such conflict would arise, then the figure would have a compelling 
appearance of reality. In other words, the figure would becor:e real if the observer 
saw the oblique lines of the parallelepiped as perpendicular to both the posterior 
face of the figure and to the plane of the paper. And this is the case when the 
drawing 1s looked at monocularly from an oblique point of view, as has been shown by 
our experiments; but in that case, there is a distortion of the apparent shape of the 
object. In fact, in our experiments, the parallelepiped looked much flatter when it 
seemed most real than it did when seen as a perspective drawing in the frontal plane. 


For a few subjects, the design has always a certain de 
is shown in the control position. In these cases, the posterior face of the figure is 
seen as being oriented obliquely to the backgrou 
figure—in other words, the freedom of the figure fr 
subjects that the usual conflict does not arise and consequently there is no loss of 
reality. But even for these subjects, the impre: 
the objective conditions are tending to produc 
It is perhaps possible to train subjects in this direction, to obtain segregation between 
figure and ground, even when looking at the picture from the exact point of view. 


As to the reason why the obliquity results in apparent reality of the third dimen- 
sion, the two sets of experiments give relevant information. Results have shown 
that there is a preliminary condition—namely, that integrating factors, tending to 
bind the drawing to the plane of the paper, should be reduced to a minimum, and that 


A 
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segrating factors should be strengthened. We have seen that the integrating factors 
were mostly factors of similarity, i.e.:— 


I. Similarity of size of figure and size of ground. 


2. Similarity of perspective clues arising when the distance between subject and 
figure is small. 


Binocular parallax. 


3 

4. Similarity of brightness of figure and ground. 

5. Similarity of microstructure of figure and ground. 
6 


Similarity of perspective distortion of design and support. 


When these integrating factors are reduced, there is a possibility of the figure 
becoming segregated from the plane. But to actually achieve the segregation and 
the organization in the third dimension, our experiments have shown that another 
factor must operate. In our experimental conditions, the organization in the third 
dimension becomes more real when the orientations of the lines and the background 
are such that the object may seem to extend perpendicularly from the surface of the 
ground. This seems to be a pregnant form of organization which arises as soon as the 
pattern of stimulation allows it. 


Throughout this report, we have been speaking of the freeing of the figure in a 
purely introspective way. A stroboscopic experiment was therefore devised to 
demonstrate the freeing in a more evident manner; the demoristration was found to 
be quite coercive, the conditions being such that all the relevant factors were co- 
operating to produce the same impression. Of the two figures used in the stroboscope, 


"the first consisted of a 3:2 cm. horizontal black line, width 1 mm., whose proximal 


end was.enclosed by a red contour square of 1 cm. side; the centre of the square was 
not exactly at the ti» of the line, but was displaced 2 mm. along it, so that when the 
figure was looked at from an angle of about 15°, the tip of the line appeared to be 
located at the centre of the square. The second figure consisted of a short black line 
of length 8 mm. and width 1 mm., drawn so that its tip was at the centré of a red 
contour square of r cm. side. Both figures were drawn on similar white cards, 
IOcm. x 6 cm. As these cards were set in the stroboscope, the observer saw 
alternately the first figure at an angle of about 15° (between the line of regard and 
the plane of the card) and the second figure in a frontal position (90°). Hence, for 
each of these views, the central black line had the same stimulus length of 8 mm. 
while the size and orientation of the red square and white card changed. The 
apparatus was set so that the observer, looking monocularly, was presented with the 
two views in rapid succession in such a way that the image thrown on the retina by 
the black lines remained exactly the same. This resulted in the compelling impression 
that the white card and red square base turned from a frontal position to a very 
oblique position while the black line retained its independence and orientation in the 
frontal plane, and was linked with the plane only at the point where it touched it in 
the centre of the red square. To produce this compelling impression it is essential 
that all the factors are working in the same sense, for instance, jt was found that there 
Was a certain amount of ambiguity in the impression if the line and the square were 
both drawn in black. This similarity in brightness and colour of the two parts, one 
of which tends to be free and the other of which tends to remain in the background, 


Completely destroys the illusion for some observers. 
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LEARNING AND UNDERSTANDING 


BY 
M. D. VERNON 
(From the Department of Psychology, Reading) 


Short texts containing rather difficult pieces of logical argument were presented, 
sometimes with illustrative graphs and sometimes without, to girls from the sixth form of 
a grammar school. They were required to study these, and recall afterwards what they 
were about. It was found that frequently there was a comparatively accurate recall of 
many of the individual items of the texts, but that certain essential points in the argu- 
ment were omitted. Thus learning of detail could occur when there was no general 
understanding of the meaning. The effect of the illustrative graphs was to make the 


recalls even less coherent. 
I 
INTRODUCTION 

To conclude investigations* of the ability to understand information, presented 
graphically, it was decided to discover if information was derived more readily from 
study of a brief written text illustrated by graphs, or from a written text without 
such illustration. In the course of this inquiry, there appeared some rather startling 
evidence of the inability to understand the meaning of the material presented. 
In this paper are discussed some of the results of this inability, and the conclusions 
which may be drawn with regard to the effect of learning by rote upon learning by 
understanding of meaning. 


II 
` METHOD OF EXPERIMENT " 
The maierial used in the experiment consisted of two short written texts, each of 
about 400 words. The first dealt with recent changes in the sizes of populations, 
and the relation of these changes to fluctuations in the birth and death rates. The 
second outlined the relation of disease and death to poverty. Graphs were prepared 
Which showed the main data upon which the arguments of the written texts were 
based. There were five graphs for each text, and they were interleaved witn the 
RS so that each graph appeared on the page on which was presented the corre- 
Sponding verbal information. T 
. There were two groups each of 11 subjects, who were girls aged 16-18 from the 
sixth form of a grammar school. The first group was given Text I illustrated by 
graphs and Text II without graphs; and the second group was given Text I without 
8raphs and Text II with graphs. The subjects were tested individually. Each one 
Studied Text I for ten minutes, and then endeavoured to recall as much of it as 
Possible, orally; the recall was recorded verbatim. Text II was then treated in the 
Same way. 
m M recalled material was scored in two ways: F 
ividual item of information remembered (only 


irst, one mark was given for each 
items of some significance were 
* An earlier i igation i i f material presented graphically 

s nvestigation into the understanding oi m: d 
C85 carried out by the tho ule a member of the scientific staff of the Medical Research 
Journal of Psychology, 1946, 36, 


OUncil A brief is is given in the British 
; account of this is given 1n the British , l 3 
146-158. A report on a further investigation will be published shortly in the British 


Journal of Educational Psychology. 
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scored—linking sentences were omitted). But there were also certain general 
statements or groups of items the omission of which showed that some essential part 
of the argument had not been fully grasped and remembered. There were seven of 
these key points in each text; and the number of these omitted was scored separately. 


Ill 
RESULTS 


i. Effects of Difficulty of the Material. 

As in previous investigations, it was found that the material of Text I was con- 
siderably harder to understand than that of Text II. The number of individual items 
recalled was 45 per cent. of the total for Text I, and 46 per cent. for Text II; the 
difference was not significant (P = 0-78). However, 59 per cent. of the general 
statements of Text I were omitted, and 30 per cent. of those of Text II; the difference 
was highly significant (P < -o1). 

When the recalls were examined for qualitative differences, the effect was even 
more apparent. The original of Text II consisted mainly of a succession of fairly 
straightforward statements such as, that adult and infant mortality were higher in 
the lower than in the upper social classes; that certain diseases showed this effect 
particularly clearly; and that certain conditions of livelihood inherent in poverty 
appeared to be responsible for these effects. These statements could be separately 
assimilated, and if they were not recalled in exactly the right order, the general gist of 
the passage was not greatly impaired. 

In Text I, on the other hand, the logical succession and inter-relations of the 
statements presented in the text was much more marked. The most important 
statements were that the population of Great Britain had increased up till the 
present day, whereas the birth rate between 1880 and 1940 had steadily decreased. 
These at first sight contradictory effects were reconciled by the stated fact that 
increase of population occurs as long as the birth rate exceeds the death rate, which 
it had done and still is doing. Now one subject only gave this essential relating 
statement in her recall. Thus it was apparent that the other subjects did not really 

grasp the general argument ; and indeed, their recalls were full of inconsistencies and 
errors. The most frequent mistake was a confusion between size of population and 
pirtli rate. Thus it was said in one place that the birth rate of Great Britain had 
decreased, and in another place that it had increased (whereas it was the population 
that had increased). And it may be, of course, that the difficulty in grasping the 
essential point noted above was due to the fact that size of population and birth rate 

never clearly differentiated by the subjects. "un 

ver Whatever ^v fmm of the difficulty, ihe fact remained that the omission of a 
ingle key point prevented the subjects from really understanding the general argu- 
single ^a assage as a Whole. What appeared to remain in their minds was a 
m f id i about population, with few if any clear ideas of what was happening 
enable wx i . But we noted above that the percentage of individual items re- 
S x! ad not significantly less in Text I than in Text IL Hence it appears that an 
pecie is capable of reproducing quite a number of isolated facts, but they may 
be jumbled up, with 


out any obvious in 
T ret say that even the individual items remained intact in the general 
iji y 


A i the genera 
i ther consequence of the lack of understanding of 4 
ao the mede was that words and phrases were reproduced often with only 
meani 
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ter-relationship, and without leading to any,, 
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slight changes from the original; but the changes were such that they might destroy 
the true meaning of the phrases, as in the following examples:— 

“There was at one time an increase in birth rate, but only very little over the 
death rate because there were more people dying." “The birth rate slowly in- 
creased owing to people living longer." “In 1940 the birth rate increased slightly, 
so that there was a small increase of population but only slight; so the population 
may again be stationary and decrease." “In 1880-1941 the birth rate seemed 
higher because the number of births had been comparatively more than the death 
rate of the people each year.” 

Again, when certain important items were omitted in the spontaneous recall, 
they could often be elicited from the subject by asking appropriate questions. In 
other words, this information had been retained by the subject, but it was un- 
attached to the remainder of the information by a coherent scheme of relationship. 
Therefore it was not spontaneously available. Thus a subject cannot make efficient 
use of information which cannot be “fitted in” to some general argument. 


2. Effects of Graphical Illustration. 

Before passing to a more general discussion of the implications of these results, a 
few comments may be made on the effect of the graphs. In general, they seemed to 
decrease the accuracy and coherence of the recall. The number of individual items 
recalled was 37 per cent. of the total, when there were graphs; and 54 per cent. of the 
total when there were no graphs. The difference was significant (P <-or). In the 


FIGURE 1 


GRAPH ILLUSTRATING TEXT I. r 
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The trends of the birth-rate and death-rate in Wales from 1851-1947. 
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first case, 51 per cent. of the more general and essential statements were omitted, and 
in the second case, 38 per cent., the difference being significant (P = 0-048). 

From a general examination of the recalls it appeared that the subjects lacked the 
ability to integrate the specific facts presented in the graphs with the statements 
made in the text. Sometimes the graphs were ignored completely, after a cursory 
inspection. Sometimes the subject spent so long and became so confused in trying 
to incorporate facts from the graphs that essential points from the text were omitted. 
And sometimes a description of the graph would be suddenly introduced in the wrong 
place, or produced as an afterthought at the end of the recall. Thus one subject, 
having completed a recall of Text I which more or less followed the text, added at 
the end:— 


“The death rate decreased till 1939, then shot up during 1940-41, but has 
been decreasing since then. The birth rate decreased till 1941, rose slightly, then 
it's been decreasing gradually” (see Figure 1). 


In general, the recalls of material from the written text alone were better arranged, 
smoother and more coherent than those of the text with graphs. In certain circum- 
stances this tendency of the graphs to break up the continuity of the written text 
might serve the useful purpose of preventing the slavish acceptance and copying of 
the statements in the text. But this effect would be valuable only if the subject were 
able, first to assimilate the details of the graphs; secondly, to check the written 
statements against them; and thirdly, to integrate the whole into a coherent logical 
argument. It did not seem that the subjects of this experiment, at least in the time 
at their disposal, were able to perform this task. 


IV 
CONCLUSIONS 


We reach then the conclusion that more or less accurate memorization of particular 
words and phrases, and even of whole statements, can be achieved without any 
assimilation of the general argument or understanding of the ultimate meaning of a 
written passage. Indeed, it appears almost as if the effort to memorize detail 
accurately may preclude a more general understanding. But this seems a contradic- 
tion of the “effort after meaning" tendency. What is more probable is that if the 
meaning can be obtained only with considerable effort, and if the subject lacks the 
ability and the interest to make this effort, he is liable to fall back on the recall of 
isolated items, as if to save a few remnants from the general confusion. 

Certain consequences arise from this. In the first place, we see that partially 
assimilated information may be a ready source of inaccurate rumours and tendentious 
opinions. Thus, there was a sentence in Text II which stated: “Tuberculosis, which 
is particularly fatal to young women, has a close relationship to wages." This was 
reproduced more than once as: “Tuberculosis is fatal to young women.” It so 
happened that these girls were about to undergo mass radiography. The implications 
are obvious! We can understand how quite sensible statements in a newspaper, 
when isolated from a meaningful context, may be distorted by the displacement of 
a few words to produce wholly erroneous impressions. 

Secondly, it seems useless to test a subject's real understanding and recollection 
of a connected prose passage by scoring the number of isolated items remembered. 
Such items will be useless as they stand, and are indeed unlikely to persist in their 
original form. 


4 


7 


LEARNING AND UNDERSTANDING 23 


Lastly, these results throw considerable doubt upon quantitative theories of 
learning. The efficient learning of a meaningful task may be almost in inverse 
proportion to the number of individual items learnt, in particular, of isolated words 
and phrases. For if the subjects could coherently reformulate in their own words 
the general arguments of the text, one could be fairly certain that the arguments 
had been grasped. If, on the other hand, the words of the text were slavishly 
copied, one would be much more doubtful. Accurate reproduction of detail is not 
Necessarily inconsistent with memorization of a general argument, but it does not 
ensure it, and may, indeed, make it more difficult. 


(Received 5th October, 1950-) 
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THE DIRECTION OF MOVEMENT OF MACHINE 
CONTROLS 


BY 
M. J. H. MITCHELL and M. A. VINCE 
(From the Medical Research Council Applied Psychology Unit, Cambridge) 


Experiments are described in which the relation between the direction of movement of 
a control and display was varied in order to determine what relationships are likely to 
cause least confusion to the operator of a machine. Two different types of task were 


used: a task consisting of intermittent stimuli whose rate of presentation could be varied, 
and a continuous pursuit task. 

It is found that accuracy of performance varies with the degree of remoteness of the 
directional relationship from those met in everyday life, with the complexity of the task, 
with the ability of the subject, and there is some indication that under certain conditions 
it may vary with the breadth of his attention. Awareness of the response aspect of the 
Situation in these simple sensori-motor tasks, it is suggested, although necessary in the 
early stages of learning, may be associated in the later stages with confusion and error. 


I 
INTRODUCTION 


IN many mechanical skills met with in industry and everyday life, the operator of 
a machine is requiréd to produce movements of one part of the machine (the “ dis- 
play") by making directional movements with a control, such as a knob, lever or 
handwheel. One simple aspect of the problem of machine design is thus concerned 
with the question of what relationships between the direction of movement of the 
control and that of the display are most quickly and effectively learned. It is 
generally recognized that an “expected” directional relationship—one in which the 
display and control move in the same direction—will be the easiest to learn, and will 
be least likely to cause error or accidents. The " expected" relationship, however, 
may not always be immediately practicable for the designer, and in this case it 15 
important to know whether an "unexpected" relationship, in which display and 
control move in opposite directions, or an ambiguous relationship, will cause more 
confusion to the operator of the machine. 

Many experiments have been concerned with this problem, and the stage seems 
to have been reached where general conclusions can be drawn from them. For this 
purpose a number of these experiments have been summarized below. The results 
appear to indicate that an untrained operator is likely to show real preferences for 
certain directional relationships and, moreover, that under certain conditions preferred 
directional relationships are reflected in performance, in a serial task. The effect of 
an "unexpected" or ambiguous relationship may not be felt, however, unless the 
task is one where the required response rate is fairly high, or the task itself fairly 
complex, or unfamiliar as when performed by the left hand. It is suggested that 
the confusion resulting under these conditions may be produced by forcing the 
operator to direct his attention to the response aspect of the situation, as awareness 
of the response appears to be associated with difficulty and error. 

It is not known whether intensive training will remove the hampering effect of an 
“unexpected” relationship in a serial task, but such a task seems to be difficult to 
learn under certain conditions, especially for subjects with low intellectual ability. 


THE DIRECTION OF MOVEMENT OF MACHINE CONTROLS 25 


II 
PREFERRED DIRECTIONAL RELATIONSHIPS 


d js Mh of machine controls it is known that certain directional relation- 
Pitts cite e i expected, or regarded as “natural” by the majority of operators, 
na à re ationships may be “unexpected” or seem “unnatural.” There is, in 
Ted ria experimental evidence to show what these preferred relationships 
asuromriate T are merely asked to move à control in what they think will be the 
fonsriad id eire to bring about a specified movement of a display. Warrick 
ee requived y 1947) has shown that when rotary movements of a control knob 
CERIAN ^ v where indicator and control move in the same plane, the operator 
Tie in : es " he control so that the part of it nearest the indicator moves in the 
ids does n which he is attempting to move the indicator, but where the control 
Euo not move in the same plane as the indicator the response tendencies are 
Betusl us. These results have been confirmed by Gibbs (1950) in the operation of 
s machine tools using a handwheel. 

Ab using levers and pointers movi 1 
Banded E eari hand separately, Mitchell (1948) found that a large majority of right- 
he left or — favoured movements inwards to move the pointer up (right hand to 
Goven clockwise, and left hand to the right or anti-clockwise), and the opposite 
Sut ents, outwards (right hand to the left, and left hand to the right) to move the 

er down. 
E results, which show a general meaningful trend, although they do not 

complete picture, are summarized in Table I. 


ng at right angles to each other and 


TABLE I 
PREFERRED DIRECTIONAL RELATIONSHIPS 


Display Display Display Display 
moves up moves uf moves back- | moves back- 
and down, and down, wards and wards and 
control on control on Display forwards, forwards, 
right-hand left-hand moves to control with control with 
side of side of right and | axis parallel | axis at vight- 
display: display: left. to operator. angles to 
à à: operator. 
% giving 9; giving % giving % giving 9, giving 
clockwise anticlock- clockwise clockwise clockwise 
movement wise Move- movement movement „movement 
for up and | ment for up for right and | for towards for away 
vice versa and vice versa operator and from 
vice versa vice versa operator and 
= vice versa 
Warri 
iint (knob) Bo E 47 3o 
Gib itts 1947). 57 
i. (hand. 89:3 = 93 43 46 
Mitchell (959) 
evi = = = 
(1948). in: 78 78 
(right hand) | (left hand) 

Nore: i mtained a 
nu z: Warrick's fi lly give lower percentages as his group conte 
ae of subjects A aped pico i Gibbs and Mitchell gave subjects only one 
ost reliable therefore, but the same trend is 


arrick's figures are probably the ™ 


Shown in all. 
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III * 


THE EFFECT OF DIRECTIONAL RELATIONSHIP ON PERFORMANCE | 


a. Discontinuous Serial Tasks. 

In addition to the evidence of preference for certain directional relationships, 
there is evidence that under certain circumstances some combinations of direction 
that are "unexpected" when incorporated into a serial task, give rise to an initially 
poorer performance than other, “expected” relationships. 

There are obvious reasons for this; it can be demonstrated that if a stimulus (e.g. 
an indicator that requires to be moved up) calls for a response that is not the one that 
would be the first to be thought of (an upward control movement) the time lag between 
stimulus and response will be longer than if an “expected” response movement were 
required. It has, further, been shown (Vince 1950) that the reaction time for an Y 
“unexpected” response even after a long period of practice is longer than that for an 1 
"expected" response. The reaction times in this case were 0-419 compared with 0:359 
second. Performance which requires a high response rate should therefore be 
affected adversely by an “unexpected” control-display relationship. : 

An experiment showing that this is the case, is described by Vince (1945). In this 
experiment (which will subsequently be referred to as the “discontinuous task") 
the stimuli were separate ink marks either above or below a horizontal line on 2 
moving band of paper, and subjects responded to each mark by moving a control knob 
in the "expected," or same, or in the "unexpected," or opposite, direction. The 
knob ‘had an all-or-none effect, and actuated a pencil marker, so that subjects had 
immediate knowledge of results. Results show that when stimuli are separated by 
an interval of four séconds the difference between “expected” and “unexpected” 
connections is slight, that when the interstimulus interval is two seconds, subjects 
made about twice as many errors with the “unexpected” as with the “ expected ' 
connections, and that at faster rates, the difference between the two becomes even’ 
greater; what happens is that performance with the “expected” connection s:10ws 
little deterioration up to an interstimulus interval of 0:5 second, and then falls off, 
while with the “unexpected” connection, performance falls off at intervals shorter 
than one second, and then more rapidly. 

A further question which arises from the problem is whether more apparently 
ambiguous relationships, where preferences are less unanimous, are easier, or more ij 
difficult to grasp and learn than the more obviously “expected” and “unexpected i 
relationships. Using a similar task, but with stimuli spaced irregularly, and appear- 
ing at’a mean rate of 1-4 per second, Vince and Mitchell (1946) were able to place 
six directional relationships in an order of accuracy of response, as shown in Table II. 
Over the initial learning period which was studied, this order seemed fairly stable, 
and in it directional relationships in different planes were placed between the 
“expected” and "unexpected" relationships. 

The stability of these results was tested by giving the subjects an extra task to 
carry out with the left hand (Mitchell 1947). Here the previous experiment was 
repeated, but at the same time subjects operated a handwheel at a constant rate, 
winding anti-clockwise, with the left hand. The effect on the right-hand task seems 
to have been to exaggerate the confusion caused by difficult relationships;. while 
preserving, in the main, the rank order of accuracy. : 

Here again, the rank order of accuracy, and scores, obtained in this experiment | 
are given in Table II. In both experiments using the discontinuous task, the 
differences in error score between the various directional relationships were mostly 
large enough to be statistically significant. 
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TABLE II 
Errkcr or DisPLAY-CONTROL RELATIONSHIP ON PERFORMANCE 
(Results from Vince and Mitchell 1946, Mitchell 1947, 1948 and 1949) 


Continuous task 
Right hand in 2-handed 
, task: 
Discontinuous task 
Left hand Right hand Left hand Right hand 
One hand Two hands only "only =F = 
Error score— | Error score—| 4th Run 4th Run 
mean of mean of error error 
5 runs 5runs score score Error score Error score 
yess U 4:16 U2:51 L 2:67 F 1-91 U 1:89 
noo F 53 R 2:73 U 2:86 U 1:93 L 2:03 
mee mu Gos B 3-04 R 3:04 L 2:31 D 2'13 
Y L 92 F 3:32 B314 R251 B 2°53 
pot D 11:12 D 3:32 F 3:25 D 2:73 R 2:67 
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.B" = » » backward » up, ” forward » 
du = " x left » » up, » right " 
D" =x M " down » » up, » Up » 


in a geeet of directional relationship on performance appears to be fairly marked 
contiar Do a nuons task, and the resulting rank order relatively stable. With the 
Marked us task differences are very slight when the right hand is used, and a little more 
order Ms hen the left hand is used; here again there is some suggestion of a similar ee 
Combin, T the two-handed task the rank order might be considered as produced by the 

ed effect of the practised left hand relationship and the “naturalness” Or otherwise 
e right hand relationship. As these results are taken from six different groups of 


Subjects ^; À 
Jects, intey group comparisons are likely to be misleading. 
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it is a à controlled way for speed and directional relationship. Asa task, how : 
i particularly related to the conditions of ordinary life, where rapid series o 
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fey ious A to =i uit task. The chief differences between 
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his and the onn oe oes (i) the stimulus is changing continuously, A 
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n pP on his € oe 2 bed as the cam-controlled pointer movements, 
Misa P) that the response rate is determined by the operator, although the EE of 
tbe that he has to correct depends on the rate at which the stimu um 

& as well as on the accuracy of his immediately preceding performance. tn 


the experiments previously described, 
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this experiment the task for the subject was to keep a moving pointer on a horizontal 
line, by moving a handle up or down. The pointer was moving continuously up or 
down, at the fairly slow speed of approximately 0-4 in. per second. As before, the 
connection between handle and pointer could be varied in the same six different ways. 

Under these conditions, when right-handed subjects performed the task with the 
right hand there were no statistically significant differences between error scores 
obtained with the six different directional relationships used, although there were 
small differences giving a rank order of accuracy which is given in Table II with the 
Scores (Mitchell 1948). This confirmed the finding of Grether (1947) that, when a 
pointer with an irregular oscillating motion had to be maintained over a reference 
mark by means of a rudder pedal or stick control, directions of control and display 
had little effect on the accuracy with which the unpractised subject performed a 
short one-dimensional tracking task. That the directional relationship is of little 
importance in a simple one-dimensional tracking task was shown by Vince (1945). 
Here it was found that when the relationship between control and display was 
reversed between two trials without warning, half of the subjects continued to track 
as accurately as before and did not notice the change. Whereas the other half did 
notice and their performance deteriorated, but this feature of the results will be 
discussed later in Section 6. 

It seems then that in a simple continuous pursuit task where the preferred hand 
is being used, the direction of movement of the control in relation to that of the 
display is not an important element of the performance, and that conscious awareness 
of this relation is not necessary for efficient tracking. 

A tentative explafiation of this difference between the effects of the directional 
relationship on discontinuous and continuous tasks has been found in the operator's 
tendency to oscillate in the continuous task; in the early stages of learning he may 
correct a misalignment by overshooting the target, this corrective movement being 
followed by a second overshoot in the opposite direction. Successful tracking could 
therefore be carried on by the trial and error method of making alternate movements 
in opposite directions. This method would require little cognitive appreciation of the 
connection between control and display. Analternative method was to lag behind the 
target and put in a series of corrective movements in the same direction, until the 
direction of the target motion itself changed. Again, when errors of direction did 
occur they could be rapidly appreciated and corrected before a large misalignment 
developed, and might not always be detectable in the records, although efforts were 
made to assess them. 

It is possible, however, that a more fundamental explanation might be found in 
a factor which forms an integral part of this continuous task and is less important in 
the other: that of knowledge of results. As stated above, the fact that in this task 
a misalignment is the algebraic sum of the target course and the operator's response 
presents the subject with knowledge of results in a particularly emphatic form: 
it is not only what he has done, but what he has to do. It is this factor which makes 
it possible to call the continuous task a skill according to the definition of Bartlett 
(1947b); it has pre-eminently the “character of being in touch with demands 
which come from the outside world."  Faced continually with the informa*ion of 
how well he is responding to these demands relieves the subject perhaps ot the 
necessity of turning his attention to the response. 

A one-dimensional tracking task differs then, from the discontinuous task in that 
the directional relationship is not an important factor in performance. 

A slightly different picture emerges, however, when tracking results for the left 
and non-preferred hand are considered (Mitchell 1948). Here an order of accuracy 
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right and left hands separately. When the rate of winding was slow (ro r.p.m.), 
right and left handed performances were approximately similar, but when the rate 
of winding was increased to roo r.p.m. larger winding errors were made by the left 
hand than the right, although these differences were not statistically significant. 


À continuous pursuit task where the response consisted of rotary movements of a 
handwheel is also described by Gibbs (1950) and he found that there was a consider- 
able difference between initial performance and also time required to learn to a certain 
criterion of accuracy between the "expected" and “unexpected” relationships. 
To obtain a perfect record his subjects would have had to wind at a rate of 18 r.p.m. 
so that their required rate of movement was approximately 2-8 in. per second. 
Here also the directional relationships were more complex as a clockwise pointer 
motion had to be balanced by clockwise or anticlockwise handwheel movements, 
and the task more complex as subjects had to superimpose corrective movements on 
this high basic winding rate, which must itself need adjustment from time to time. 
There are, then, two essential differences between these winding tasks and the 
continuous task of Vince and Mitchell described above: complexity of directional 
relationship and speed of the course to be followed. It is shown in the experiments 
mentioned above that an increase in the complexity of the task will result in a 
difference between the “expected” and “unexpected” relationships even in this 
continuous task, and it is possible that a considerable increase in speed might have 


had the same effect. The latter, however, is an hypothesis which remains to be 
tested. 


IV 
LEARNING AND INDIVIDUAL DIFFERENCES 


An attempt was made by Vince (1950) to compare rates of learning, and also 
retention under disturbed test conditions with the "expected" and “unexpected 
directional relationships, in a discontinuous task where subjects were not given 
visual knowledge of results. There were two matched groups of subjects. The 
“unexpected” group on the average achieved a lower level of performance at the en 
of the learning period, than the “expected” group. Their retention of the skill 
under disturbed conditions was also inferior to the “ expected" group. There is also 2 
suggestion in this experiment that, in the same way as increasing the complexity O 
the task exaggerates the difference between performance with the different directional 
relationships, so these more difficult tasks also exaggerate the differences betwee? 
subjects, on the basis of their initial performance and rate of learning. It was 
pointed out by Vince (1945) that although the difference between errors made with 
the “expected” and "unexpected" discontinuous tasks was statistically significant, 
nevertheless, there was much overlap between scores obtained on these two tasks: 
the “expected” connection affected a few subjects to a marked degree and most very 
little. The same kind of picture emerged in the learning experiment. Here 
differences between subjects who carried out the task using the “expected” connec- 
tion were slight, but the other group of subjects doing the same task with the displey- 
control relationship reversed, varied considerably both as regards théii initial 
performance and their-rate of learning (Figure I) These individual differences 
were in the main preserved throughout the learning period, and there was a suggestion 
that ability to perform this " unexpected" task correlates with intelligence, as might 
be expected, considering that the cognitive element in such a task is relatively 
dominant. 
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FIGURE 1 


LEARNING AND INDIVIDUAL DIFFERENCES WITH “EXPECTED” AND “UNEXPECTED” 
DIRECTIONAL RELATIONSHIPS. 


InpIVIDUAL LEARNING CURVES. 


(Results from Vince, 1950.) 
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Indivi : ue een 
ndividual learning curves show that an “unexpected” directional relationship not only 


(ith an “expected” relation- 
In this experiment subjects 


were not given immediate visual knowledge of results. 


V 
RoLE OF AWARENESS OF THE RESPONSE 
va es preceding results suggest that the differences between performance with 
ma display-control relationships are associated with the amount of conscious 
rel erstanding which is required for their performance, or the degree to which the 
ationship is removed from those practised in daily life. -— 
e en 


In this type of task there is, of course, a high conscious appreciation o 


for which the task is performed; the subject is concerned with what he has to do and 
t xperiments tend to indicate 


ow successfull A 3 P di E 

y he is doing it. But the preceding i 

that where the task is less dontfiar and more complex the response itself, as well as 
* resul* of the response must be included in the subject's field of attention. — 

t a number of experiments 


In order to investigate this problem to some extent « : 
tween control and display was reversed in the 


ra of the experiment, thus reversing the direction of the required hand move- 
Pe This was done mostly between two trials, and always without warning the 
ject. It was discovered that in many cases this reversal could be made without 


G 
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being noticed by the subject, and sometimes without affecting his performance to 


ed : : E 
any marked degree. Results were assessed by dividing the subjects into three 
groups, those who noticed the reversal, those who did not notice, and those who were 

. TABLE III 

ErrECT ON PERFORMANCE OF AN UNEXPECTED REVERSAL OF DIRECTIONAL 
RELATIONSHIP 
(Results from Vince (1945) and Mitchell (1946) ) 
1. Discontinuous Task 
eea 
i. Before reversal ii. After reversal 
Did not Did not 
(1) Fast rate Uncertain | Noticed notice Noticed notice $ 


D 


Divectional Relationship 


Group reversal | reversal subjects | Score| jects | Score| jects | Score jects | Score} jects 


(a) Forwards |Back- 3 
wards 
(b) Back- Forwards 6 6:6 

wards 

Right Left 
or I E 19 | 81 | 18 6 | 1 6 
Left Right : i * d idis 


43 | 15 | 46 7|82]| 15 | Gx 


(c) 


(2) Slow vate 


(d) Up Down — o:8 . — 


of 

7 

10 | 8-0 9 | 84] 10 | 86 9 
18 


(e) Down Up 


No. No. No. No. 
of of of 
Before After — Number of sub- sub- sub- sub- 


2. CONTINUOUS TASK 


Directional relationship 


Mean error score 


3 Trials: before reversal 3 Trials: after reversal 


" Did not Did not 
Before After Noticed notice Noticed notice ] 
veversal reversal E" 


HS | sie] Bs 59 


4185|$5]|a4 | 
2:25: 1-65] 1-77| 2-43] 1-65 1-79] 7-14] 2-83] 2-1 | 1-86] 1-82] 1°47 | 
| 


Up for up Down for up 


These results show that on the whole, subjects whi 
relationship had been reversed, tended to deteriorate m 
those subjects who did not notice. When s 


© noticed that the directional 

A ore after the reversal. than di 

: n stimuli were presented at a slow rate all thë ; 
subjects noticed the reversal. With the discontinuous task the different levels of achieve" £- 
ment attained with different directional relationships confuse the picture, For example, a 


for group (a) the first part of their task, before the reversal was intrinsically easier than T 


the second half, while the reverse was true for group (b). 
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uncertain, or who noticed something, but could not specify what change had taken 
place. These results are summarized in Table III. For each combination of direc- 
tions chosen the mean error score is given for each group of subjects both before 
and after the reversal, and the number of subjects falling into each group is also 
given. These data are taken from Vince (1945) and Mitchell (1946). 

As stated earlier, when the task was a continuous one a large proportion of the 
Subjects did not notice the change, and these as a group put up a better performance 
after the reversal than did the group who did notice; as long as the subject did not 
notice the change, the relationship between direction of movement of control and 
display could in fact be reversed without greatly affecting the operator's performance. 

In the discontinuous task, subjects always noticed the reversal except when the 
Stimulus rate was as fast as two stimuli per second. (In this experiment stimuli 
Were equally spaced, and the reversal was made between stimuli rather than between 
trials) Results from a further experiment at a faster rate, and where the reversal 
again took place between two trials are given in Table III. Here the records are less 
easy to assess for the different levels of performance achieved with the different 
directional relationships confuse the picture. In the main, however, it seems that 
those who noticed the change (and these were in general the subjects who worked 
according to a " system," i.e. who had consciously worked out the directional relation- 


Ship when first tackling the task) tended to put up a better performance before the 


change, and their performance deteriorated more afterwards, than did the group who 
and statistically reliable only 


did not notice. These differences are however slight, i 

In one case. But here, again, it was the subjects who did not notice it who were 
least affected by the reversal. The conclusion to be drawn from this part of the 
experiments seems to be that for the discontinuous task a conscious working out of 
the relationship helped in the early stages of learning (this does not seem to have been 
necessary in the continuous task), but it could be a drawback in the later stages. 

' This view of the role of awareness, or the inclusion in awareness of the response, 
or the direction of the attention towards the response, and a coupling of awareness 
mth a deterioration in performance, is in agreement with the statements of previous 
Writers on the nature of skill (see Bartlett, 1943, and 1947a) and provides a possible 
clue to differences between these continuous and discontinuous tasks as a whole and 
a possible explanation of some experimental results outlined above. It seems that 
When a stimulus requiring a directional response is perceived the subject brings. to 
the task a preformed mental set which enables him to make a response 1n the same 
direction as the stimulus, with a minimum of cognitive interference (due to hiş previous 
experience). But if the required response is not in the same direction as the stiraulus, 
either the wrong response will be made, or the whole task must be approached with 
à new mental set. The new mental set will presumably require an awareness of the 
total situation. But if the wrong response is made, subsequent events may depend 
on the nature of the task. The correct readjustment may be made almost automatic- 
ally in a moderately easy task and where the operator has his attention directed 
towards the stimulus, or the error may, in à difficult task, or with a subject who 
ends to think of the response, again reproduce the early stages of a difficult learning 
Situation, where sensory and motor aspects of the situation, which have no obvious 
Connection, must be harmonized. ; 

The main conclusion ea be drawn from these resu'ts is that as long as the 


TéSponse is efficient, i.e. satisfactorily adapted to the situation, it can be carried on 
Without the attention being directed towards it, but as soon as errors are made, or 
Or some reason the task becomes difficult, the attention is directed towards the 
TéSponse and it may be disrupted further. Cause and effect are not possible to 
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distinguish, here, however. It is known that awareness accompanies errors but not 
if awareness precedes (i.e. causes) errors, or results from them, although both may 
occur. An explanation of the rank order of accuracy obtained with the left hand 
continuous task could be given in these terms; the use of the non-preferred hand 
might make the responses unfamiliar, so that the attention would be directed to 
them rather than to the display alone. Again, in the two-handed continuous task 
the breaking up of the attention and the conflicting requirements of the two pointers 
could have had the same effect. 

Further evidence which bears on this point is given by Vince (1950). Here, 
where subjects were given a considerable amount of practice with the “ unexpected 
discontinuous task and without visual knowledge of results, it was found that learning 
was accompanied by a decrease in the subject’s awareness of his correct responses, 
and an increase in the speed with which he corrected his errors. That touch typists 
as they become proficient tend to lose awareness of their responses except when 4 
mistake is made has been pointed out by Book (1925). 

Awareness of the response, appears, then, to be associated with difficulty ot ® 
failure to adapt successfully, perhaps a necessary part of a new skill but one which 
is useful only in the early stages. 


VI 
CONCLUSIONS 


i. In handling any mechanism where the movements of a control knob, lever 07 
handwheel are required to bring about corresponding movements of a controlled 
part of the machine, there are for the majority of people preferred directional relation" 
ships between the control and display. In simple cases "expected " relationships 
correspond to those encountered in daily life, which are practised by most pep, 
throughout their lives. However, there are more ambiguous relationships hei 
correspond less with everyday experience, as when display anc: control are not in the 
same plane, and here there is not likely to be unanimity as to which is the “ expecte 
relationship. 

ii. These preferred relationships may or may not be reflected in performance: 
In general, when the subject is not hurried, or is able to concentrate his attention e 
a task which has but one aspect (as in one-dimensional tracking), the direction? 
relationship is unimportant (or the difficulty inherent in it may be overcome) ; 
a fast stimulus rate or an increase in the complexity of the task, or decrease m 
familiarity may cause errors if the directional relationship is "unexpected 
ambiguous (or may render the operator unable to deal with the difficulties inhere” 
in the task). 

iii. „Under such conditions a task -where the directional relationship is 
pected will take longer to learn than one where it is “expected.” 

iv. When performance is affected by a non-preferred relationship, 
becomes one where the cognitive element plays a large part; for this reason 
evidence that such a performance can be predicted on the basis of intelligence; 
intelligence correlating with a good performance and a rapid rate of learning cnc 
intelligence with a poor-performance and a slow rate of learning. 

v. Conditions have been found where it is possible to reverse the rel 
between control and display without affecting the subject’s performance. 
generally been found to occur only when a rapid series of responses is requi 
also only when the subject has not been aware of the reversal. 
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THE EFFECT OF KNOWLEDGE OF RESULTS ON 
LEARNING AND PERFORMANCE 


IV. THE DIRECTION OF THE ERROR IN VERY SIMPLE SKILLS 
BY 
VALERIE DEES and G. C. GRINDLEY 
(From the Psychological Laboratory, Cambridge) 


Re-examination of the data discussed in previous papers of this series shows à greater 
tendency toward ‘‘overshooting’’ when the time interval between trials, in some of the 
experiments, is short than when it is longer. The subject tends to make a bigger mav 
ment or exert more pressure with short intervals. This seems to be true with or vimp 
visual knowledge of results. On the other hand, with the experiments in which the tas 
was to press a key for a given short interval, the effect was not conclusively shown. "3 

A hypothesis is put forward to explain these results in terms of proprioceptive adapta 
tion. 


ji 
INTRODUCTION 

In the earlier papers of this series (Elwell and Grindley, 1938, Macpherson, Dees and 
Grindley, 1948, and Macpherson, Dees and Grindley, 1949) we have treated the 
results in a conventional way, plotting and tabulating errors in learning and per 
formance curves without regard to their algebraic sign. Thus “ overshooting oF 
“undershcoting” the target by five units would count as equal errors. A change m 
the conditions may, however, tend to make the subject give a bigger or smaller 
response than he did in the previous trial, without necessarily altering his apetak: 
error, e.g. by maxing him overshoot the target by the same amount as hiš previo » 
undershoot. The very wide scatter between individual readings may make such e 
effect pass without notice. With this in mind we have re-examined the data for th 
effect of varying the time interval between trials. d 

Three of the experiments so far reported, namely those that have been a 
“Kaob Turning,” "Pressure" and “Time,” will be discussed here. The othe 


experiments are omitted because there was no adequate control of the time interv® 
between ‘rials. 


II 
RESULTS 
A. Knob Turning. (For details, see Mapherson, Dees and Grindley, 1949. P 168) 
In this experiment, in order to hit the bull's eye, the subject’s task was to turn y 


knob through 20? and then immediately return it to zero. He could them for " 


("knowledge of results") conditions be shown the amount and direction © ") 
error by the position of a spot of light on a scale: or for N (“no knowledge of result* ^ 
conditions, this information could be withheld. A record of his actual nicvemen" 
was made by a pen writer, and it was possible to make the trials as frequent 25 > 5. 
every 1-8 seconds. As was shown in the previous paper there was, under K conditio? , 
a very slight tendency to improve more rapidly, in terms of number of trials, W! 


short time intervals than with longer ones. Under N conditions deterioration 
more rapid with short time intervals. 
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If now, taking the same data as before, we include the algebraic sign of the error 
in our calculations, the general trend of the results shows a very marked qualitative 
difference between the longer and shorter intervals. Thus for the 21 subjects m: 
cussed in the earlier paper, Figure 1 shows the average error for time atem 
18, 7:5 and 33:0 seconds between consecutive trials, the algebraic sign being inclu ed. 
As will be seen from the legend, each point represents the mean of 105 dace um 
Half-way through the fourth day the subjects were changed to N potne E. 
will be seen by inspection that both for K and N trials, curve "a (r8 secon e 
vals) is always above curve “c” (33-0 second intervals), whilst curve b" (7°5 pere 
intervals) nearly always occupies an intermediate position. This means that a S 
a short interval the subjects tended to turn the knob farther than after a long interv: a l 
It will also be seen that with practice under K conditions the curves tend to approx i 
mate to a point near the level of the bull's eye. g rked E 
When knowledge of results is removed the tendency to overshoot is very ma 

2 


~ with all three time intervals, but it is even greater in extent with the short oe 
interval than it is with the longer one. The tendency to turn the knob farther 
shorter the time interval still persists. iol 

With the wide scatter of individual readings it is, of course, necessary s ndf 
some statistical check on the reliability of the results. We have considered t chest 
enumeration of cases in which one “shot” is greater or less than the previous S$ tion 
is an appropriate way of approaching this question. (This avoids any assump «€ 
that the scale used is, in any sense, either physiologically or psychologically, a lin 
one. 

diis I shows the number of cases under K conditions where an increase Ue 
decrease of angle of turn occurred, as compared with the immediately preceding pA 
of turn, for each of the three time intervals. It must be remembered that " > 
subjects had time intervals in cycles in which the order was 18, 75,3350, 15 7 
33°0 seconds, and sa on. 


ave 


n 


TABLE I | 
Time intervals (seconds) r8 TS 33:0 N 
Cases of increase in extent .. 465 334 261 
r Cases of decrease in extent .. 239 353 429 
p ee sects- 
Table II shows the corresponding figures under N conditions for the same subje* 
TABLE II 
————————M————Á 
Time intervals (seconds) r8 T5 390 
Cases of increase in extent .. 272 206 189 
Cases of decrease in extent .. 153 214 241 
" : ng 
It will be seen that these tables show a very striking difference between the salt i 
and short time intervels. On comparison with the data already published the 
pherson, Dees and Grindley, 1949, pp, 169 and 170) the effect of including 
direction of the change is quite clear. 
| 


as 
Another way of demonstrating the point in question is to compare the am é 
shown in Figure 1, with the same data replotted without the sign. The latter 15 


i 
! 
| 
j 
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"dn Figure i ^ . 
"] igure 2. Anyone inspecting that figure would be unlikely to think that time 
For N conditions the results are not 


~~ interval : 
very ee don effect under K conditions. 
^ rom those ry ani Ei : i; . 
Tesulted in "'overshoots shown in Figure 1 because, in any case, nearly all the trials 


B. Pressure. (F , 
i ern (For details, see Macpherson, Dees and Grindley, 1948, p. 75 and 1949, 
n this experi 

ever Onde arn the subject task, in order to hit the bull's eye, was to press a 

Tt yas found creasing force until he attained a pressure of about 2 lbs. weight. 
there was a y iie as has been discussed in the preceding paper of this series, that - 

À Was short (1o = marked tendency to improve more rapidly when the time interval 

^, Tesults was dig than when it was longer (60 seconds). When knowledge of 
New imis deterioration was more rapid with the shorter interval. 
Just as in the Kj yse the results, taking into account the sign of the error, we find 
Push harder Be Turning experiment) that there is a very marked tendency to 
number of ca er the short interval than after the long one. Table III shows the 
ses of increase or decrease (compared with the previous trial) of pressure 


exerted wi 
wi z 
ith each interval under K conditions. 


TABLE III 


gh o ABRE o 


Time intervals (seconds) 


Cases:ce 
cae of increase of pressure 
es of decrease of pressure. . 


Simila 
rl 
y Table IV shows the number of cases under N conditions. 


— TABLE IV 
^ Time intervals (seconds) 10 60 
| Gere | fas 
[9] 
‘th vershoots" andin meny 


75 à "T m 
we the ee cent, of the trials, under N conditions, were o 


hen t Shooting was jond tl c of the scale used. 
i wo : as so great as to be beyon ne rang t 
In Tapis jy em shots were both off the scale this pair could not be included 


Time, qy 
p. A details, see Macpherson, Dees and Grindley, 1948, P: 72 and 1949, 
In thi 2 
D this experi 
i it the tinent the subject's task was t 
s Sed tite k s eye, he had to make contact for abou 
lean pei ey his accuracy could be shown to him on à 
? both © UST out (Macpherson, Dees and Grindley, 1949..P- 171 
oth ES aiit trials produced only à slight c-r in t rade p 
m N conditions. Uamination of the data, taking the sign of the 
èt qu, earl fference between the effects 
he fact that the movement 


a morse key 50 that, in order 
to7 second. When he had 
galvanometer scale. As 
hy intervals of 12 
heir effect under 


o press 


o 5 n 
account, also fails to show any convincing di 
ly be due to t 


Se two time ; 
time intervals. This may possib! 
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only took about 0-7 second, and the shortest interval between trials, owing to 
apparatus difficulties, was 12 seconds. It is possible that had there been greater 
massing of trials different results would have appeared, but on this we have no 
evidence. 


D. The Effect of 24-Hour Intervals. . 


In all three of the experiments discussed above, the subjects were given series of 
trials on each of four or five successive days. We therefore have some data on the 
effects of a 24-hour interval under both K and N conditions, although, obviously the 
number of cases which can be taken into account is much smaller than those for the 
shorter intervals already considered. For instance, if one subject has 31 trials on 
each of five days (as was the case in the Knob Turning experiment), we can make a 
total of 150 comparisons per subject for the time intervals discussed above; but we 
can only make 4 comparisons per subject for the effect of 24-hour intervals. 

Inspection of the data, while confirming the tendency described in previous papers 
of this series, to become less accurate during a 24-hour period, does not show any 
consistent trend in the (algebraic) direction of this deterioration. This may be 
merely owing to lack of sufficient data, but if there was any very strong directional 
tendency some indication of this might have been expected to show in the results. 


III 
DISCUSSION AND CONCLUSIONS 

The results of previous experiments, which are reviewed in this paper, show very 
clearly the importance of taking into account the direction as well as the amount of 
the error in any curve of learning or performance. For instance, in the “Knob 
Turning’ experiment, if we consider only the amount of the error, as in Figure 2, we 
should infer that the time interval between trials has very little influence on the 
results. If, however, we include the algebraic sign of the error, as is done in Figure 1, 
we see at once that the time interval has a very large effect. This, apart from its 
application to the present problems, is a general point in the methodology of the 
study of learning and performance. Taking the analogy of psycho-physical experi- 
ments, ihis is only like saying that the Constant Error as well as the Average Error 
shorld be considered. 

More interesting, perhaps, are the hypotheses suggested by the results when the 


direction of the error is taken into account. One such hypothesis may be roughly 
summarized as follows. Let us assume: 


(a) That when a subject is trying to repeat a movement (e.g. when he has hit the 
bull's eye in the previous trial) he is trying to obtain proprioceptive sensations 
which “match” (cf. Bartlett, 1932, p. 20 et seq.) his “memory trace” of those 
in the previous trial. 


(b) That the proprioceptive mechanism is susceptible to adaptation (cf. Adrian, 
1928), i.e. during the period immediately following a response the receptors, 
or some more central part of the mechanism will be less sensitive. The degree 
of adaptation will, of course, decline with the time since the last response. 

(c) That the "memory trace" left by the Proprioceptive stimuli (like those of 
some visual forms studied, e.g. by Tsao, 1949) becomes less precise with 
lapse of time, but that there is no marked directional trend in such forgetting. 

Making these assumptions, none of which Seems to be improbable, it at once 

becomes clear why in the Knob Turning and Pressure experiments a short interval 
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between trials tended to produce a greater response in the second trial than in the 
first one; since, owing to the adaptation of the proprioceptive system, the second 
response, when it reaches equality with the first, would still feel too small to the 
subject and he would tend, therefore, to increase it. (Any corrective action towards | 
the direction of undershooting would not have been registered on any of the pieces | 


of apparatus discussed—since each of them recorded only the maximum reached.) 
With longer time intervals (e.g. 30 seconds) the adaptation would have diminished. 
And with very long intervals (e.g. 24 hours) would have disappeared. 

With the Time experiment this adaptation effect would not be expected to any | 
marked degree because of the very short duration of the subject's movement com- | 
pared with the minimum interval which was possible between trials. It may also 
be that the short absolute duration of the movement made correction while the 
action was in progress impossible or very difficult (cf. Hick, 1949, and Vince, 1948). 

The hypothesis suggested makes no claim to explain the general mechanism of 
“learning,” or the differences between what have been called K and N trials, or the i) 
“incentive” and “ directive” effects. A complete theory should obviously link these 
findings with the many investigations of phenomena such as the “time error," 
muscular "after contraction,” and “positive” and "negative" after images. But 
since these investigations do not yet form a coherent whole, we have not attempted 
to discuss them here; and have confined ourselves to a simple hypothesis about our 
present data. What this suggests is a possible explanation of the observed effects 
of time intervals between trials; it is, of course, incomplete and unproved. 

Several other lines of approach to the problem would be possible, but the justifica- 
tion for this one is that it seems to fit with a number of observed facts. Also, since 
the suggested locus ior the underlying process is in the proprioceptive mechanism, € 
it makes possible some predictions about what ought to happen in more complex 
skills, where more than one muscle group, or more than one limb, is involved. | 


We wish to expres^ our thanks to Professor Sir Frederic Bartlett for many suggestions, 
and to the Rockefeller Foundation for financial aid. > 
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. Interval between them seem larger. 


A PRELIMINARY REPORT 
ON A NEW AUDITORY AFTER-EFFECT 


BY 
J. A. DEUTSCH 
(From the Institute of Experimental Psychology, Oxford) 


D is found that protracted monotic stimulation at a certain frequency lowers the 
of that frequency for the contralateral ear by some 47 per cent. There were eight 
subjects and six controls; the frequency was 1,000 c.p.s. at 4od.b.s. It is suggested that 
this after-effect is analogous to figural after-effects in vision. (Some further related find- 
ings, as yet preliminary, are also reported). 


I 
INTRODUCTION 


KÖHLER and Wallach show that changes occur in the visual field after prolonged 
uniform stimulation and that these are central (1944). If a figure is fixated for a 
prolonged period, other figures falling on or near the same part of the visual field 
immediately afterwards recede from where the contours of the first figure were first 
located. It is therefore of theoretical interest to see whether analogous changes 


occur in other sense modalities and more especially in hearing. 


II 
METHOD 


(x) General considerations: The actual methods of determining this was to measure 
the DL monotically at a certain frequency (1,000 c.p.s.) and then to stimulate the 
other ear at the same frequency for a prolonged period. Though not providing a 
direct test the method is simple and uses a minimum of apparatus. It seeks to 
verify the prediction based on the visual analogy in the following way. 

A contour in visual space tends to push away other contours and make the 
Therefore a tone in the auditory scale ought to 
push away the neighbouring tones and increase the tonal interval between them. 
Now it has been found that the ratio of the physical magnitude of equal-appearing 
intervals is roughly equal to the ratio of the physical magnitude of the DLs fcund 
respectively in the two intervals (Stevens and Davis, 1938). If then the phenomenal 
tonal distance in any region of the frequency scale does increase, the size of the 
DLs there ought to decrease. The DL at a certain frequency should diminish after 
prolonged stimulation at that frequency. 

(2) The procedure of investigation: The 

(a) to secure a clearly central effect; 


(D) to avoid too much stimulation when testing for t 
ý introducing the predicted after-effect prematurely. 

In order to achieve the first aim, a tone of 1,000 c.p.S..was sounded in one ear 
through one of a pair of earphones, 40 d.b.s. above threshold. This intensity was 
used in both the DL determinations and also in the prolonged contralateral stimula- 
tion. A tone of this intensity is inaudible through the other ear under these con- 
ditions. The tone was sounded by pressing a switch. 


43 


procedure had two aims: 


he DL initially, for fear of 
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In order to achieve the second, the method of minimal changes was used in 
preference to the method of constant differences, as it is more economical. Eight 
series, four ascending and four descending, were generally presented to each subject 
in order to determine the initial DL. The two notes were always played in the same 
order, i.e. the higher note was always sounded after the note of 1,000 C.p.S. The 
subject was instructed to report either "same" or "different" in pitch. These 
further points in procedure were adopted because they proved to be the least con- 
fusing to naive subjects. 

The subject was seated facing away from the experimenter and the control 
dial. Each tone was presented for approximately one second. The tone to be 
compared was presented about half a second later for the same length of time. 
These times are approximate because the switching was done by hand. 

After the DL had been thus determined, the tone of 1,000 c.p.s. was sounded 
in the contralateral ear (monotically also at 40 d.b.s. above threshold for four 
minutes. 

At the end of this period, the DL at this frequency was again determined for the 
original ear, using exactly the same procedure as in the first instance. With some 
subjects more than eight series were presented. 

The control group was subjected to the same procedure, except that a note of 
600 c.p.s. 40 d.b.s. above threshold was sounded instead of the one at 1,000 c.p.S. 
The experiment was not carried out in a sound-proof room. 

(3) Subjects: The experimental group consisted of eight subjects roughly between 
the ages of 18 and 24. The control group consisted of six subjects of the same 
age group. Both groups were naive, i.e. they did not know what results to expect. 
Some subjects who were hopelessly inconsistent in making judgments were rejected 
both as subjects and controls. A subject was deemed to be inconsistent when the 
distribusion of "same" judgments was non-modal. 


i ATI 
RESULTS 


After the DLs both before and after contralateral monotic stimulation had been 
obtained, it was determined by Student's ¢ test, using a formula for small numbers, 
whe*her the DL for each subject was significantly lower in the second instance than 
in the first. The 0-05 level of confidence was adopted as significant. 


TABLE I 
RESULTS OF EXPERIMENTAL GROUP 


e 


DL before DL after t, with 
. stimulation stimulation | Decrease 96 degrees Whether 
Subject | (in c.p.s.) at 1,000 inc.p.s. | Decrease | of freedom significant 
I 1009:5 1005:65 3:85 4474 49 22df yes 
2 1007 100388 3:12 44°57 2:63 22 yes 
3 1006-75 1003:91 2:84 42:33 6:89 17 yes 
a 1019-7 1010 9:7 49:24 | 493 16 Jon 
2 IOI2:5 1006:5 6 48:00 4'03 I4 eyes 
1013:25 , I005:8 7:45 56:33 2:16 14 yes 
1 IOTI 1006-7 43 39:10 2:40 13 yes 
1002:37 1001:32 1:05 44°43 2:08 18 no 
Average LO10-26 1005:44 4:82 46:98 
f ————À— M —ml—— tu n ee a a 
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» Further investigations of the effect (which are as yet preliminary): 
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The results for the experimental group are set out in Table I. Of the eight 
subjects in this group, seven showed a significant decrease. The one subject who 
did not show a significant decrease, nevertheless showed a decrease. 


The results of the control group are given in Table II. The six subjects in this 
group varied randomly, some in the direction of a diminution of threshold, others 
fluctuating upward. 


TABLE II 
RESULTS OF CONTROL GROUP 


FEES LL 0 —————M 


DL before DL after 1, with 
stimulation | stimulation | Decrease % degrees Whether 
Subject | (in c.p.s.) at 600 in c.p.s. | Decrease of freedom | significant 
I 1008:75 1007°5 1:25 14:28 o:88 14 no 
2 1005:75 1007:25 —I:5 — 26:08 I-44 14 no 
3 1009:25 1008:25 I 10:08 0:78 14 no 
4 1013:5 1014 —0:5 —379 0:35 I4 no 
5 1008 1007:5 o5 6:25 O'4I I4 no 
6 1002:25 1002 0:2 IDII O14 14 no 
Average 1007:92 100775 O17 2:14 
— ni ee ee EE CER 


It is clear from the results that there is marked decrease in DL in the experimental 
group. 

The control group had an initially lower DL than the experimental grcup. But 
it is found that this variation between the groups could quite easily occur by chance 
(t = 0-935 with r2 degrees of freedom, even when we treat each mean as a measure- 
ment and ignore the scatter). Therefore the control is a true one. ` 


IV 


These indicate that: 
(a) The DL can be lowered in this manner at any heard frequency. 
(b) Both the ascending and the descending DLs decrease by the same amount. 


(c) A whole small range surrounding the prolonged stimulus tone becomes 


more sensitive to alteration of pitch. 


(d) Subjects whose DL for a particular frequency has been lowered by the 
described procedure, exhibit a rapid return to the lower DL in the course 

‘ of re-testing 24 hours later. This occurs without any contralateral 
stimulation and merely as a result of the stimulation inherent in the DL 


determination itself. o 


(e) If a subject is asked to bisect a tonal interval before and after contra- 
lateral monotic stimulation on the base note of the interval, the estimated 


midpoint shifts towards the base note. 
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M 
Discussion 


The contention may be held that the results obtained are due to the practice 
effect, an already well-known factor in DL measurement. This is clearly invalid. 
Both the experimental and control groups had the same amount of practice in the 
initial determination. If one may speculate on the basis of these results, may not 
the so-called practice effect be in reality due to prolonged stimulation and not to any 
practice or learning? 


Wyatt (1945) claims that pitch-discrimination can be improved with 
training at particular frequencies, with some transfer to the octaves. The present 
findings suggest an alternative causal factor, and one which, if taken into considera- 
tion, would explain the divergence of experimental results on the influence of training 
in discrimination. If sharp improvement occurs as a result of prolonged stimulation 
“training” may or may not have an effect depending exactly on the amount, duration, 
and spacing of the “practice.” This might give rise to "contradictory" results. 


The after-effects discovered in this experiment would indicate that there is 
something analogous to visual figural after-effects in hearing. 


The writer wishes to express his gratitude to Pr 
carry out this work in the Institute of Experimental Ps 


and to Dr. D. B. Fry and Mr. O. L. Zangwill for their v. 
draft of this paper. 


He also wishes to thank Professor R. C. Oldfield for his encouragement and advice, 
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BOOK REVIEWS 


Physiological Mechanisms. in Animal Behaviour. [Symposia of the Society for Experi- 
mental Biology, No. IV.] Cambridge University Press, 1950. Pp. vii 4- 482. 
355. net. 

It is an old saying that there are no real frontiers between allied sciences. If we make 
use (as we all do in our teaching or research about the living organism) of a large and— 
perhaps deplorably—increasing number of titles for different branches of study, this 
can only be justified on grounds of practical or administrative convenience. The present 
book illustrates the point well in the case of the relationship of “ psychology " to “ physio- 
logy” or ‘‘zoology’’; for many of the authors would claim to speak only as specialists 
in particular branches of one or the other of these sciences. Yet the result, if not a com- 
pletely coherent whole, serves to emphasize the similarities rather than the differences 
between the methods and results of people who work under quite different academic labels. 
, , The book gives the text of the papers read at an international symposium (organized 
jointly by the Society for Experimental Biology and the Association for the Study of 
Animal Behaviour), which was held in 1949. As there were 21 contributors, discussing 
different things, coming from different countries, and each giving his own views on his 
own subject, space does not permit anything like the detailed commentary which most of 
these articles deserve. The book, however, is divided into four sections, about each of 
which a word may be said. 

The first, on “The Range and Capabilities of the Sense Organs,” contains very valuable 
summaries—by authoritative writers—of present views on hearing, vision, proprioception, 
and the functions of the labyrinth. While admiring these one may regret that time did 
not permit similar contributions on the tactile, thermal or chemical senses. 

In the second section, on “Central and Peripheral Control of Behaviour Patterns,” 
we have the exciting mixture of papers by E. D. Adrian, Paul Weiss, James Gray, G. P. 
Wells and E. von Holst. There is nothing which could be called an agreed conclusion, 
but there is much in each which needs a lot of thought, e.g. the usually super-cautious 
Adrian feels driven to say “. . . in the cerebral cortex there are no through routes. . ." 

The third section, on “ Instincts, Taxes, etc.," is a rather mixed bag. Itcontains eight 
papers which vary from the very specific (e.g. P. H. T. Hartley on recognition in birds—a 
Paper which has immense implications for the theory of perception) to the very general 
views of K. Z. Lorentz on “Comparative Method” or of N. Tinbergen on “ Hierarchical 
Organization." C. F. A. Pantin’s account of the lower invertebrates, or E. A. Armstrong's 
essay on ‘Displacement Activities" (in birds) would each need separate reviews. 

The last section, on “Learning,” contains only four papers, but all of these are likely 
to be interesting to most psychologists. W. H. Thorpe surveys the whole problem from 
what might be called a “Lloyd Mogan + Thorndike + Lorentz” point of view, while 
J. Konorski does much the same from a Pavlovian angle. Then come R. B. Boycott 4nd 
J. Z. Young with the octopus, and the intriguing effects of lesions in its nervous system. 


Finally we have K. S. Lashley “In Search of the Engram," and we must admit that in 
its power to demolish current theories the old scalpel has not lost its sharpness. One 
feel, in reviewing the evidence on the 


remark will suffice as an illustration: “I sometimes c ridence o! 
lusion is that learning just is not 


localization of the memory trace, that the necessary conc t 3 
Possible. . . ," Nevertheless, Lashley goes on to say REIS learning does sometimes 
reminded of Galileo or Einstein. 


occur." Perhaps one is wrong in bein P 
Anyone alio N to nce what biological experts think about behaviour and the 
Causes of its many varieties ought to have this book. But it is not a text-book; it is a 
Collection of views. Those who attended the symposium probably have happy memories 
of the lack of distinction between academic “subjects,” as well as of the high standard of 
discussion, Thanks are due to J. F. Danielli and R. Brown for their admirable work as 
editors, 
1t is worth adding that during the period of this symp i serie: 
Conferer Jes” 2 held to discuss nomenclature in animal behaviour, in an attempt to 
nd whether a more uniform terminology could beagreed. The yams ER a nie 
many which are commonly used in general psychology (e.g. instinct," "inhibition, 
Conditioning,” “learning” and “‘insight’’). A concise summary of these discussions has 
sen prepared by W. H. Thorpe, and will shortly appear in the Bulletin of Animal 
G..C. G. 


osium a series of ‘round-table 


chaviour, 
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Handbook of Psychological Research on the Rat. By N. L. Munn. London: George G. 
Harrap & Co., Ltd., 1950. Pp. xxvi + 598. 35s. net. 


This is a most valuable and comprehensive summary of work on all aspects of rat 
behavior. It is well arranged, and has an admirable bibliography of about 2,500 papers. 
The title is much more appropriate than that of the original “An Introduction to Animal 
Psychology" (1933)—of which this is a much expanded and much more up-to-date version. 
The book is about rats only; but about them it is encyclopedic. 


Proceedings of the Experimental Psychology Group 1949-50 


IOTH DECEMBER, 1949.—3rd Annual General Meeting in London. ‘The Comparative study of 
Psychological and Physiological Effects of Electroshock Convulsions,” by R. W. Russell; 
“Equivalent Rooms’ with some Remarks on the Transformations involved in Visual Perception, 
by R. C. Oldfield. 


20TH May, 1950 (London).—'"'The Subjective Judgment of the properties of Deformable 
Materials," by R. Harper. ‘“The Testing of Abstraction, with particular reference to Deterioration 
in Schizophrenia," by K. R. L. Hall. 2nd Session: "The Experimental Study of Rumour,” by 
T. M. Higham (by invitation). 

21ST-22ND JULY, 2950.—Extended Meeting at Cambridge. 1st Session: “Experimental 
Finger Dyspraxia," by C. V. Jackson (by invitation) and O. L. Zangwill. 2nd Session: 'Pro- 
gramme for Experiments on Thinking," by Sir Frederic Bartlett (by invitation). 3rd Session: 
“Perceptual Anticipation in Harmonic Tracking,” by C. Poulton. “A Probability Approach to 
Trial anu Error Learning,” by A. R. Jonckheere (by invitation). 4th Session: “Investigation into 


changes in Autonomic Responses following Pre-Frontal Leucotomy,” by A. Elithorne and M. £. 
Piercy (both by invitation). 


29TH-30TH SEPTEMBER, 1950.—Extended Meeting at Oxford. rst Session: “Derived Activ- 
ities,” by N. Tinbergen (by invitation). 2nd Session: "Speed Stress," by R. Conrad (by invita- 
tion). "Variation in Reflex Blink Rate during Visual-Motor Activities," by G. C. Drew. 3rd 
Session: Short reports on work in progress at the Oxford University Institute of Experimental 
Psychoiusy by J. A. Deutsch, R. F. Benton, K. Danziger and A. J. Weir (all by invitation). 


. 16TH DECEMBER, 1950.—4th Annual General Meeting in London. “The EEG in the Study 
of -'ersonality Disorders," by D. A. Pond (by invitation). 


"Some materi i si f the 
Constancy of Size," by R. B. Joynson- aterial for a Discussion o 4 
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SENSORY PHENOMENA IN EXPERIMENTAL NERVE BLOCK 
l BY 
D. C. SINCLAIR AND J. R. HINSHAW* 
(From the Department of Human Anatomy, Oxford University) 


In the course of a series of blocks of the ulnar and lateral popliteal nerves of volunteers 
a study was made of the manner in which the responses of the subject to sensory stimulation 
become progressively altered and finally obliterated. These changes are described, 
together with the manner of recovery, and an account is given of various sensations. 
induced by the blocking and the recovery processes. The relevant literature is briefly 
reviewed and possible factors involved in these phenomena are discussed. 


I 


INTRODUCTION o 


Ir has long been known that the normal sensibility of an area of skin can b? progress- 
ively reduced and eventually abolished by the application of various physical or 
chemical agents to the nerve trunk supplying that area. This knowledge remains 
largely enipirical, and there is little information as to the exact mode of action of these 
anesthetic agents. Nevertheless, the production of regional or local anesthesia has 
been used as an ‘experimental tool in the study of the mechanisms of cutaneous 
sensation. f 

Under these circumstances, the different types of. sensory experience tend to 


disappear serially rather than simultaneously, and the study of sensory dissociation 
of this kind contributed materially to the acceptance of four primary modalities of 


sensation by von Frey and his school. Indeed, the main object of the earlier workers 
was to demonstrate that the disappearance of a given “modality” of sensation was a 


process independent of the disappearance of the others. Subsequent investigators 
using the method have tended to concentrate their attention on particular details, 
such as the relation of the disappearance of tion to the time of 
disappearance of touch sensibility, or the re to pain sensibility. 
The result has been that no full account has appeare enomena '' incidental 


to such experiments. These phenomena often appear to be inherent in the deep 
of nerve block, however it may be initiated, and a study of them may well throw ght 
on a number of problems connected with cutaneous sensation. It is the intention of 

m, but rather to provide as 


this p.per not to deal exhaustively wit fmdisiu t ‘ 
complete a picture as is possible at prese is sensory m. ngs in a series 
of nerve blocks induced by procaine, cold and compression of the limb. 


H * Rhodes' Scholar, Oklahoma and Hertford College, 
ospital, Rochester, N.Y. , 


Oxford: now at Strong Memorial 
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II 
MATERIAL AND METHODS 
The 31 subjects used were either medical students or medical research workers; 
only four had any previous experience in the assessment of cutaneous sensation. The 


skin areas investigated were those supplied by the ulnar nerve and the lateral popliteal 
nerve. 


Technique of inducing blochs. 
For the procaine blocks a solution of procaine hydrochloride in strengths varying from 
I} to 2} per cent. was injected round, but not into, the ulnar nerve as it passes behind the 
TABLE I 
NuMBER or BLOCKS 


ee 


Subject Ulnar blocks Lateral popliteal blocks 
Procaine Cold | Compression Procaine Cola Compression 
C.A.W. .. 1 
JHF. 1 
H. B. m I 
LA. Y. ae 1 
R.H.P. .. I 
H.M.H. .. 1 " 
JuEX al w |. 
M.E. oe T 
D.H.C. E I 
KMo .| x: | | 
i R.B.E. . I 
W.F.B. ;. 2 1 
LW .| 2 1 =a 
C. W. ad 2 1 1 1 1 
R.L.. v 2 $ 1 
D.S. iE I I 93 1 4 
B W.C. ss I 1 I 
TDW. . 1 1 1 
R.W.B. .. I 1 1 
DR. We es I I 1 
(OR EB ovs 1 1 H 
DiGi: x I 
R.J. >š I 
C.B. 4s I 
W.H.F. 17 
G.W. E 21 
A.W.D. .. 15 
R. B. I. x 
E. J. B. x 2 ^ 
G. A. R. " z 
R. B. E. = F 
Torat .. 24 10 156 5 » ^ 
——————— l 


TM 
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elbow, or the lateral popliteal nerve as it passes over the neck of the fibula (Sinclair & 
Hinshaw, 1950). 


The compression blocks were induced by inflating a sphygmomanometer cuff 12 cms. 


wide round the arm just above the medial epicondyle of the humerus, or just below the. 
knee-joint (Sinclair & Hinshaw, 1951a). The pressure used was 200 mm. Hg. in both 
cases; for the arm compressions the limb hung vertically at the side (Sinclair, 1948), while 
for the leg compressions the subject lay on his back with the leg horizontal. 

Cold blocks of the ulnar nerve were induced by immersion of the elbow in a trough 
containing chopped ice and brine at a temperature of from o? C. to minus 2? C. For the 
cold blocks of the lateral popliteal nerve, brine from a reservoir containing chopped ice 
ran slowly through a copper tube strapped over the neck of the fibula, the temperature 
in the tube being from 2? C. to 4° C. (Sinclair & Hinshaw, 1951b). 

Table r shows the number of times each subject submitted to a given type of block. 
Most of the compression blocks were not maintained for longer than 20 minutes, and only 
14 of the total of 164 were carried sufficiently far to enable a determination of the order of 
loss of sensory modalities to be made. On the other hand, the 12 cold blocks and the 


29 procaine blocks were all taken to this point. 


Technique of sensory examination. 

Within the autonomous zone of the ulnar nerve, six circles 1 cm. in diameter were 
stamped out with marking-ink (Figure 1); for the most part sensory examination was con- 
fined to the three marked 1, 4 and 6 in the diagram. A similar set of three circles was 


pe 


FIGURE I 


the ulnar nerve. Each area is I cm. in 
the skin with marking ink. 


used for the later: i nerve (Sinclair & Hinshaw, 1950), and in this case the hairs 
in the region ie n n clipped short (not shaved). , This was done in view 
of the observed difference in behaviour between skin touch and hair touch in compression 
locks (Sinclair, 1948). To these circles stimuli were applied at intervals, the order in 
Teese domized. The reactions to 


which the circles were tested by any given stimulus being ran € 
Our different stimuli were investigated. The first of these was a piece of nylon suture 


stribution of 


Sensory testing areas in the di rou 
ou 


diameter and is stamped 
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i i iveri i ithi i ircle, care being 
material (Figure 2) delivering a punctate stimulus within the testing circ "n 
taken to E skidding or slipping of the end of the nylon thread on the skin. aui - 
stimulus could invariably be appreciated in the ulnar testing areas, but Ue DUUM 
response in the lateral popliteal areas varied considerably from subject to subject, and, 


FIGURE 2 


Standard Sensory Stimuli: The round-bodied needle is 12-5 ems, long. Thé pi^ce of 

No. 2 nylon suture material is mounted on a holder 25 cms; long made froni a bicycle- 

spoke; the free portion of the suture is 2-5 cms. in length, 0:17 mm. in diameter, and 

is capable of holding down a weight of 500 mg. The test-tubes are 1 -5 cms. in external 

diameter and 12:5 cms. long, and are half-filled with water at 45°C. 4- 2? C. and 

15°C. + 2? C. respectively. The surface of the tubes in contact with the skin i$ 
about 50 sq. mm. 


a 
à 
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the hairs were avoided, there was frequently no response at all; in such c i 
nylon thread was substituted. Alterations in the pa enel to this stimulus AE d 
reflect events taking place within the modality of touch. 
Events within the modality of pain were investigated by the reaction of the subject to 
a vertical prick, just not drawing blood, from a round needle (Figure 2). The pricks were 
delivered at random within the boundary of each circle. This form of stimulus necessarily 
affects modalities other than that of pain; nevertheless it was taken as the “pain stimulus.” 
In the normal subject the pricks were consistently stated to produce pain when applied 
to the ulnar territory: in the lateral popliteal area occasional pricks were identified merely 
as ‘sharp " or “prick without pain,” and it might be necessary to draw blood before the 
subject would admit to a sensation of “pain.” 
The testing of temperature sensibility likewise involved modalities other than that of 
temperature, A glass test-tube half full of warm or cold water and containing a therm- 
ometer was allowed to rest by its own weight on the circle to be tested. The temperatures 
of the water were 15? C. + 2°C. (“cold stimulus’ ’) and 45° C. + 2° C. (“warm stimulus”). 
No measurement was taken of the temperature of the outside of the tube, but neither 
erpreted by the intact subject as pain. Normally, 
“cold” and “warm” over the greater part of the 
area 1), however, both were 
difficult or impossible to 
tances the findings were 


ulnar territory. Over the palmar surface of the distal phalanx ( 
occasionally called "indifferent," and in some subjects it was 
distinguish between the two tubes in this area. In certain ins 
similar in the testing arcas of the lateral popliteal territory. 

, Every subject was told that the object of the experiment was to investigate the way 
in which sensation disappears from an area 0 i yi ced, and 
warned that if he experienced any “spontaneous” sensations in the area blocked during the 
experiment he was to report and describe them as soon as they arose. He was told no 
details of what he might expect. During the testing periods he was told which modality 
was being tested—i.e. “touch,” “pain " or “temperature,” but was not permitted to watch 
the application of the stimuli. Routine precautions were taken to guard against the 
occurrence of “imaginary” responses (e.g. by pretending 
testing another, by announcing but not fulfilling a test, etc.). 
ture tubes in particular, every effort was made to conceal from the subject which tube was 
being used, The subject in every instance initially reported his recognition ot the fact 
that a stimulus had been applied, and secondly described his experience in his own words, 
an abbreviated version of which was taken down in shorthand wherever possible. In the 
early stages these descriptions were often extremely clear and detailed, but at the height 
of the block they usually became reduced to the pathetic phrase, adi think there might be 
Something going on somewhere "—a description which indeed it is impossible to better. 


In additi i he results of the standard stimulations, the subjects were often 
i Sao a li, such as stroking the whole hand, 


asked to describe the result of much grosser stimu : > 
immersing it in hot or cold water, etc. They were also asked to compare the intensity and 
quality of the sensation caused by à stimulus applied to the blocked area with the intensity. 
and quality of the sensation caused by the same stimulus applied to the mirror point on 


the opposite limb. 
II 
OBSERVATIONS 


. The general course of events in a typical compression 
in Table II, which is derived from a study of the notes on each 7 
The time intervals in this table are only approximate, but are g1 a € 

to the usual sequence. In Table III the phenomena noted are classified in terms of 
their relative frequency ; not all of them appeared jn every block, but many recurred 
With such regularity as to make them characteristic of the blocking process. Table III 
also shov;s the relative frequency of these changes in the procaine and cold blocks, 
and it will be noticed that every sensory manifestation occurring 1n either the procaine 


9r the cold experiments had its counterpart in the compression blocks. On the other 
and, the reference of a sensation to a distant point and the occurrence of positional 

hallucinations, which both occasionally took place in compression blocks, were not 

Oped ERAN RA 

oted in either of the other two types © 


to test one modality and actually 
In the case of the tempera- 


block of the arm is set out 
h individual experiment. 
ven as a rough guide 


f block. 


54 TABLE II 
SEQUENCE OF EVENTS IN AVERAGE COMPRESSION BLOCK 
(Cuff on Arm above Elbow: Testing in Distribution of Ulnar Nerve) 


a 


Time Phenomena encountered 


0-5 mins. (1) | Discomfort under cuff. 
(2) | Tingling referred to hand begins, usually after 1-2 minutes. . 
(3) | Sensory testing difficult during tingling, but stimuli may be felt with 
greater intensity than in control hand. 


5-10 mins. (1) | Discomfort under cuff may pass off. 

(2) | Tingling subsides. 

(3) | Occasional spontaneous sensations of warmth and cold in the hand ; 
occasional pain in the wrist. 

(4) | Little change in subjective response to stimuli. 

10-15 mins. (1) | Spontaneous brief sensations of temperature or pain may recur. 
(2) | Little apparent change in responses to relatively punctate stimuli. 
Gross stimuli (stroking with hand, etc.) disclose alteration in quality 
of touch. Hand “feels different," “velvety numbness” begins. 
(3) | Stimuli occasionally “referred” to distant area on same limb. 
(4) | Hand may feel swollen. 
15-20 mins. (1) | Position sense becomes impaired. 

(2) | Subjective responses to touch and pain stimuli begin to alter in 
quality and intensity. 

(3) | Paradoxical temperature sensations appear. 

(4) | Gradually increasing delay in perception of all stimuli. 

(5) | Gradual prolongation of subjective response to touch and pain 
stimuli, 

(6) | Occasional “reference” of sensation, usually proximally. 

20-25 mins, (1) | Touch and position sense fail. 

(2) | Cold and warm sensibility may fail. 

(3) | Identification of temperature stimuli affected by repeated testing. 

(4) | Delay, prolongation and altered quality clearly apparent in all 
Sensory reponses which can still be elicited. 

(5) | Paradoxical temperature sensations. 

25-30 mins. (1) | Cold and warm usually fail. 

(2) | Response to painful stimulus grossly altered in quality and duration: 
occasional failure to respond. 

(3) | Complete motor paralysis. 

30-35 mins. (1) | Warm sensibility may temporarily recover; grossly delayed and 
altered in quality. 

(2) | Pain may fail. 

(3) | The position of the limb in space may be felt subjectively to have 
altered, e.g. it may be difficult to convince the subject that his 
elbow has not spontaneously become flexed. 

35-40 mins. (1) | Warm stimuli frequently identified correctly. 

(2) | Pain usually fails. 

Rerease: — (1) | Often followed by evanescent spontaneous sensations of warm and 
cold. 

(2) | Pricxing paraesthesia in limb is invariable and lasts for varying 
period. i 

(3) | Sensory testing extremely difficult during paræsthesia: mode of 
recovery thus difficult to assess. 


uec. o a U 


(—— 
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TABLE III 
SENSORY PHENOMENA OCCURRING DURING NERVE BLOCKS 
EE 


Type of block 


PHENOMENON Compression | Procaine | Cold 
1. "Spontaneous" sensations XXX xx x |'Tingling" characteristic 
referred to distribution of of compression and 
nerve. procaine blocks. 
Occasional pain in all 
three types of block. 
2. Increase in intensity of x x x |Usually temperature 
sensation. stimuli (control not 
always tested). 
3. Delay in appreciation of XXX XX xx | Most marked with tem- 
stimulus. perature stimuli. 


x | Most marked with pain- 


4. Prolongation of subjective XXX XX 
ful stimuli. 


response. 


Most marked with pain- 


5. Alteration in subjective XXX XX XX arkec 
ful stimuli. 


quality of touch and pain. 


6. Paradoxical temperature XXX XXX XXX 
sensations. eR 
7. Alteration in response on xx xx xx |Temperature stimuli 
repetition of stimulus. only. d 
8. Reference of sensation. a a 
9. Spontaneous temporary x xx |In compression blocks 
recovery. only involves temp- 
erature: in cold blocks 
all modalities involved. 
Not always tested in 
compression. ; 
10, Sensory hallucinations re- £ Usually related to elbow 
garding position of limb. joint. e , 
ir. “Spontaneous” subjective XXX = 
sensation referred to dis- 
tribution of nerve during 
recovery. 
x = Occasional. 
xx = Frequent. 
xxx = Characteristic. 


Sensations induced by the blocking process. : 

The most characteristic of such sensations is à tactile paresthesia occurring soon 
after the beginning of the block and felt in the territory of the blocked nerve, The 
occurrence of “tingling” or “ formication” during asphyxial blocks of a limb or of a 
nerve has been noted by several observers (Bastien & Vulpian, 1855; Weir Mitchell, 
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1872; Dessoir, 1892; Bourguignon & Laugier, 1923; Bazett & McGlone, 1931; 
Hyndman & Wolkin, 1941; Kugelberg, 1944, 1946a, 1946b, 1948a, 1948b; Merrington 
& Nathan, 1949), and in 1947 Weddell & Sinclair investigated the nature of 
this sensation. It is curious that Reid (1931) and Lewis, Pickering & Rothschild 
(1931), who worked extensively with compression block of the upper limb, should not 
mention the occurrence of tingling: our own observations suggest that it is almost 
invariable when the compression cuff encircles the arm. When, however, the cuff is 
sited on the forearm, it is less effective (Weddell & Sinclair, 1947; Sinclair, 1948; 
Magladery, McDougal & Stoll, 1950) and tingling does not as a rule appear. Further, 
in order to elicit tingling of this type by direct pressure applied to a nerve trunk, it 
is necessary to exert the pressure over a certain minimal length of nerve (Weddell & 
Sinclair, 1947). 

The sensation has a distinctive quality, and the various descriptions offered are very 
similar. Thus, Kugelberg (1946) calls it “a soft vibrating sensation"; Weddell X 
Sinclair (1947) refer to “a faint comfortable soda-water sensation,” and Merrington & 
Nathan (1949) describe it as “a soft diffuse tingling.” These descriptions closely 
resemble those of the sensations produced by weak electrical stimulation of the skin 
or of a sensory nerve trunk (Ebbecke, 1922; Crook, 1932; Thompson, 1934, and others). 
Indeed it appears that in compression blocks the sensation has its origin in the nerve 
trunks at the point where they lie under the cuff, and that the operative mechanism 
for firing them off is one of asphyxia (Weddell & Sinclair, 1947). It is perhaps 
relevant that Thompson (1934) has shown that tingling induced by electrical stimula- 
tion does not depend on the retrograde stimulation of end-organs, and that Lehmann 
(1937), produced spontaneous discharges in mammalian nerve by asphyxiation with 
nitrogen after a tiae lag in reasonable agreement with that of the tingling in CU 
experiments. 

. Introspectively, the sensation appears to be a distortion of touch sensibility, with 
little suggestion of a painful component, and this view is supported by the experiments 
of Kugelberg (1946b), and those of Weddell & Sinclair (1947), who found that in four 
subjects with partial or complete loss of pain sensibility in one upper limb there was 
little difference in the sensation of tingling produced by cuff compression on the 
two arms. 

Since then, thanks to the kindness of Mr. H. J. Seddon, Mr. G. F. Rowbotham and 
Dr. Ritchie Russell, one of us (D.S.) has been able to examine 28 patients with lesions 
arfecting the touch or pain pathways on one side of the body. Among these patients 
was one in whom neurological evidence suggested that the posterior columns of the 
spinel cord had been damaged; two in whom antero-lateral cordotomy had een 
carried out; three in which wounds involved the thalamic region; one with thrombosis 

‘of the posterior inferior cerebellar artery, and 21 in which wounds involved various 
areas of the cerebral cortex, resulting in various degrees of disturbance of sensory 
appreciation. The results suggest that the impulses producing the sensation of tingling 
are mainly carried in channels other than those subserving pain sensibility and probably 
travel with touch impulses. Hyndman & Wolkin (1941) noted the occurrence of 
tingling sensations in response to the inflation of a compression cuff on the leg of a 
patient in whom the somatic nerves to the lower extremities had been interrupted, 
and suggested that this tingling might be carried in Sympathetic sensory fibres; 
tingling of this type can, however, occur in a Sympathectomized limb (Weddell & 
Sinclair, 1947). 
d Pd cortical lesions, if there was complete anesthesia, tingling could not be 
y a compression cuff; if there was a degree of hypoesthesia, perhaps amounting 
only to faulty perception of figure-writing or a reduction in two-point discrimination, 
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tingling was also diminished, or more commonly absent. If there was no sign of 
disturbance of touch sensibility, in general the tingling was “normal,” though in two 
patients in whom ordinary testing indicated normal touch sensibility tingling was 
reduced or absent. The areas of cortex concerned with the impulses of this tingling 
may therefore be the same as those concerned with the sensation of touch, and 
cerebral defects in the appreciation of touch are possibly always accompanied by a 
defect in appreciation of the asphyxial tingling. It may even be that a diminution 
in the sensation of tingling affords a more sensitive test for such defects than the 
standard testing methods. 

While the occurrence of tingling paræsthesia during asphyxial blocking of a nerve 
has previously been the subject of some comment, there is very little literature on the 
tingling which frequently occurs in procaine nerve blocks shortly after the introduction 
of the anæsthetic. This tingling appears, from the comments of those subjects who 
underwent both types of block, to be qualitatively indistinguishable from the 
asphyxial tingling, but is of much shorter duration, as would be expected. 

Waller (1861) describes as a well-known fact the occurrence of pain in the ulnar 
area in the initial stages of blocks induced by immersing the elbow in ice-water. 
Boycott (1902), who immersed his elbow in a freezing mixture, reports “very marked 
sensory phenomena . .. further prosecution of the experiment became highly 
undesirable." From this it may be deduced that the phenomena were of a painful 
nature, but no further description is given. Wolf & Hardy (1941) report the occur- 
rence of “pins and needles” on immersing the whole hand in water below 12 C.; the 
time relationships of this sensation are similar to those of the sensation induced by 
an asphyxial block, but the sensation itself appcars to be qualitatively different, since 
it was unpleasant, and on one occasion at least led to withdrawal of the hand; they 
conclude from their experiments that this sensation is carried in the C fibres. On the 
other hand, Granit & Lundberg (1947) have shown that in cats cooling of thin: strands 
of nerve-root filaments leads to “a selective large fibre response" more evident in 
sensory fibres. In the present series of cold blocks we have not observed any tingling 
or touch paresthesia during the development of the block, but occasionally there has 
been a complaint of a deep, poorly localized, unpleasant pain m the region of the 
wrist. Similar pain has occasionally been noted in all three types of block, but in the 
other two it is much less constant than the tingling. It is perhaps curioas that 
tingling was not observed in the cold blocks, since, as Weir Mitchell (1872) has 
observed, “When we touch or otherwise disturb any part of the trunk of a nérvé 
containing sensory filaments we cause, if the irritation be feeble, subjective referred 
sensations, such as formication.” The absence of tingling in cold blocks ane: its 
consistent presence in compression blocks suggests that the physiological mechanisms 
of the two types of block are probably not identical—a suggestion which we have 
already put forward on other grounds (Sinclair & Hinshaw, 1951b). 


Alterations in the response to sensory stimulation. 


i. Increase in intensity of sensation. 


In the early stages of some of the compression blocks the subjects remarked on 
fferent set of temperature stimuli, 


what they thought was the introduction of a di wn 
since they now felt the warm stimulus had become much warmer and the cold stimulus 
estigation it was found that 


colder than at the beginning of the experiment. On inv 
hree types of block, and an attempt was made to 


this occasionally occurred in all ti a E 
compare the sensation produced on the blocked hand with the sensation produced by 


the same stimulus on the control hand. Tt was found that in certain cases the warm 
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stimulus was consistently called ‘‘warmer” on the blocked hand than on the control, 
and similarly the cold stimulus appeared colder on the blocked hand than on the 
control The stimuli used naturally permitted only a rough assessment to be made, 
and no measurement of thresholds was attempted. We could not satisfy ourselves 
that a similar “‘hyperesthesia” occurred in modalities other than that of temperature, 
and even with temperature stimuli the effect often lasted for only a few minutes in the 
early stages of the block. Brown-Séquard (1857) found an initial hyperzesthesia in 
the limbs of rabbits deprived of their blood-supply, and Waller (1861) noted à 
hyperzsthesia at the beginning of nerve blocks induced by cold in man. Again, 
Goldscheider (1886) concluded that there is a transitory lowering of the pain threshold 
during the initial stages of the development of surface anesthesia with cocaine. On 
the other hand, Dessoir (1892) reported a hypozsthesia and hypoalgesia in the early 
stages of compression blocks. 

In 1936 Thompson and Kimball reported a drop in the threshold alternating curr ent 
necessary to evoke sensation from the median, ulnar and radial nerves at the wrist 
during the first 12 minutes of a compression block of the upper limb. Whether this 
lowering in threshold has any connection with the subjective increase in the intensity 
of the sensation occasioned by a constant stimulus is a matter which requires f urther 
experiment. 


2. Partial block syndrome. 


At a certain stage of compression cuff blocks, a characteristic picture develops 
which might be called the partial block syndrome. The response to a touch or pain 
stimulus is delayed, prolonged and altered in quality, while temperature stimuli 
evoke a response which is delayed, often prolonged, and may be paradoxical in nature 
(Sinclair, 3948; Weddell, Sinclair & Feindel, 1948; Sinclair & Hinshaw, 19512). The 
fully developed syndrome is perhaps most striking in the modality of pain. Thus, 


TABLE IV 


ALTERATIONS IN RESPONSES TO STIMULATION: ALL TYPES or BLOCK 
—————— 


Modality Delay Prolongation Alterations in quality 
i. ‘Touch -.| r-2seconds | 2-5seconds | Feels “dull” and “flat,” lacking 
"overtones." ^ Alterations indistin- 
a guishable with different blocking 
a agents. 
2. ;Pain vs ..| 2-5 seconds* | 5-ro seconds | Severe unpleasant affective reaction in 


cuff-blocks; neither so severe nor SO 
frequently obtained in procaine an 
cold blocks, 


3. Temperature | 5-10 seconds ? Quality changes detectable, specially 
in cold blocks, but in all blocks over- 
shadowed by almost invariable occur- 
rence of paradoxical sensations. 


um o S SSS E ceni 

The figures given are .ough approximations only and are not based on exact measure- 
ments. They indicate the maximum times encountered. The prolongation of temperature 
sensations, though probably a real phenomenon, proved difficult to estimate under the 
conditions of sensory testing. 


* Delay longest in compression blocks. 


" 
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the subject may say of a pinprick, “That is sharp and feels as though it ought to be 
painful” ; perhaps three seconds later his face becomes contorted, his pupil dilates, his 
hand is involuntarily withdrawn, to the accompaniment of an exclamation, and sweat 
may appear on his forehead and round his mouth. He now reports a particularly 
unpleasant experience: a slow swelling burning sting, which may go on and on for 
several seconds, not very intense, but of a character rendering him fearful of further 
such experiences. On being pressed, he will find himself unable to compare the 
sensation with anything he has experienced previously, but may use the analogy of 
a wasp-sting, or a very fine-pointed, red-hot needle being slowly inserted. It should 
perhaps be emphasized that the fully developed response does not invariably appear 
with every stimulus; thus, testing within a given circle at a given time may produce 
a relatively normal response, à delayed normal response, a prolonged normal response, 
or a response which is both delayed and prolonged, but not altered in quality. At the 
same time there may be immediate responses of abnormal quality, prolonged abnormal 
responses, and finally the characteristic response, delayed, prolonged, and of abnormal 


quality. 
The three components of this sensory syndrome do not always obtrude themselves 
e severity in all modalities (see 


in the same sequence, nor are they of comparabl 
Table IV). Thus, the alteration in quality of touch sensibility is unobtrusive, and 
may occasionally be missed, whereas no subject experiencing the alteration in the 
quality of pain in its fully developed form could conceivably overlook it. | 

A very similar picture is found during the development of both procaine and cold 
blocks (Table IV), the only major difference being in the relative frequency and 
severity of the unpleasant response to pinprick (Sinclair & Hinshaw, 19512 and 1951b). 
. All three sensory symptoms have been the subject of cominent in the past, but 
it is not usual to find them considered in relationship to each other. b 


6 


A. Delay. á 

A delzy between the application of a stimulus and its recognition has often been 
noted in compression or pressure blocks (Fabritius & Bermann, 1913; Lewis, Pickering 
& Rothschild, 1931; Zotterman, 1933; Lewis & Pochin, 1937, 1938; Wortis, Stein & 
Joliffe, 1942; Sinclair, 1948; Weddell, Sinclair & Feindel, 1948), but in procaine and 
cold blocks its occurrence and possible significance appear to have escaped any 
extensive notice. "E 

_Zotterman (1933) measured the delay in the perception of stimuli applied to the 
hairs, and found a steep rise in this time about the 18th minute of a cuff com- 
pression. More important, because of the conclusions which have been drawn irom 
them, are the measurements made by Lewis and Pochin (1937) on the delay in pain 
perception. Impressed by the existence of a double pain response to a single prick on 
the normal finger, they measured the interval from the stimulus to the beginning of 
the second response (11 readings in two subjects), and compared these control figures 
with the interval from the stimulus to the beginning of the delayed response in the 
same fingers during a cuff block (12 readings in the same subjects between about the 
25th and the 3oth minute of the blocks). The method of measurement referred to 
indicates a heat stimulus, but the text and the table imply a pinprick stimulus; no 
method of measurement is given for the latter. Finding the average of all control 
readings (about 1:2 seconds) to be almost the same as the average of all the asphyxia 
readings, they identify the delayed response in asphyxia with the normal "second 
response." It may be noted, however, that when each subject is considered separately, 
the figures given show a statistically significant difference in both cases between the 
control and the asphyxia readings. Further, in these experiments no account is taken 
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of possible alterations in the “reaction time” during asphyxia. In a second paper 
(Lewis & Pochin, 1938) they state (without offering any additional measurements) 
that in cuff experiments the pain response ''is delayed by at at most 1-5 seconds. . . - 

This statement later develops into ". . . for pain the latency rises abruptly from 
0-3 to 1:5 seconds, where it remains constant." They contrast this behaviour with 
that of the cold response, in which they describe a gradually increasing delay to values 


of up to 10 seconds, and conclude “Clearly the cold response, unlike the pain response, . 


is not carried by two groups of nerve fibres of widely differing conduction rates." In 
the absence of any figures supporting the asserted "sharp rise in latency " in the case 
of pain, or the "constant" value attained it is difficult to comment on the validity 
of these conclusions; the inadequacy of the published measurements needs no 
emphasis. Wortis, Stein & Joliffe (1942) timed with a stop-watch the delay in the 
response to pinprick on the foot at intervals during cuff experiments, and obtained 
values of from o'g to 1-7 seconds. They stress the inaccuracy of the method, but 
support the conclusions of Lewis & Pochin. We have made no attempt to measure 
the average delay at different stages of compression blocks with any accuracy, but 
on numerous occasions have recorded (with a stop-watch) delays much in excess of 
I5 seconds, and indeed up to 5 seconds—longer than any fibre currently stigmatized 
as carrying pain would take to conduct an impulse from the finger to consciousness. 
(Like those of Lewis & Pochin, these figures do not differentiate between delay due 
to prolongation of the “reaction time" and delay due to an increase of the time 
necessary for the evaluation of the nature and quality of the stimulus). 

Gasser (1943, 1945) is of the opinion that each modality of sensation is widely 
distributed throughout the range of fibre sizes, and our own sensory dissociation 
experiments have led to substantially the same conclusion (Sinclair & Hinshaw, 
I951a and 1951b). Further, Magladery, McDougal & Stoll (1950) have recently 
recorded sensory potentials from the ulnar nerve at the elbow during cuff blocks, and 
find that “When lat.ncies and amplitudes were plotted against duration of ischemia, 
there was no break in the smooth curve obtained. It would seem reasonable to assume 
that this implies a progressive depression and block in the same fibres which initially 
conducted impulses of high velocity . . . it is possible . . . that ischemia . . - 
creates a more synchronous volley in the slowly conducting BrOUp. aoe 

The findings in procaine and cold blocks are alsorelevant. The electrophysiological 
evidence suggests that in procaine blocks the small slowly conducting fibres fail 
before the large ones, and in cold blocks it appears that the fibres fall out in an order 
independent of their conduction rates (Bickford, 1939; Sinclair & Hinshaw, 1951b). 
Yet in both types of block considerable delays have been recorded in the modality of 
pain, though less frequently than in compression blocks (Table IV). In summary, 
it may be said that the evidence is at present inadequate to support the identification 
of the delay between a pain stimulus and "second pain" in normal skin with the 
delay in asphyxial blocks. It follows that the cause of the asphyxial delay is not 
necessarily the same as the cause giving rise to the appearance of "second pain, 
and that it might be profitable to look for a mechanism capable of explaining the 
occurrence of delay in all modalities in all types of block. 

Weddell, Sinclair & Feindel (1948) have already suggested that the delay in «he 
appreciation of painful stimuli in cuff experiments and in clinical conditions such 25 
tabes (Naunyn, 1879; Gad & Goldscheider, 1892; Pochin, 1938; Kendall, 1939; 
Stein & Wortis, 1941; Kugelberg, 1948; Ashby, 1949, and others) does not necessarily 
depend on the existence of two discrete groups of fibres conducting at different rates. 
They point out that the delay could occur, not in the peripheral nerve, but in 2 
synapses of the cord, or in the higher centres, as a result of a simplification of the 
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impulse pattern reaching the central nervous system. Such an explanation would 
ble to all modalities and to all types of block. It is interesting 
that a similar central factor has been postulated by Stein & von Weizsácker (1927) to 
account for the delay in perception of stimuli in clinical cases of hypoesthesia, and 
by Kauffmann & Steinhausen (1921) and Piéron (1930) to explain the observation 
that the reaction time to pain in normal subjects varies with stimulus intensity 
(Dolley & Cattell, 1894; Kauffmann, 1921; Piéron, 1929; Eichler, 1930; Piéron & Segal, 
1938). It is possible that a similar mechanism underlies the variation in the reaction 
time to pain when different kinds of stimuli are used (Piéron, 1929, 1930, 1931). 
Pochin (1938) attempted to show that the delay in pain perception occurring in 
tabes is the same as the delay in perception of “second pain” in normal subjects, and 
found the delay to be similar in both instances. The results may, however, be 
criticized on the grounds that for the tabetics he used a needle with “a 20 g. thrust" 
and for the normal controls one with “a 2g. thrust.” In any case, as Ashby (1949) 
points out, there are many recorded instances of much longer delays in tabes, some 
of which are too long to be accounted for satisfactorily on the basis of delayed nerve 


conduction alone. 


obviously be applica 


B. Prolongation of response. 

Prolongation of the delayed response to a pain 
clinical conditions and nerve blocking experiments (Naunyn, 1879; Stein & von 
Weizsäcker, 1927; Zotterman, 1933; Lewis & Pochin, 1938; Kendall, 1939; Wortis, 
Stein & Joliffe, 1942; Weddell, Sinclair & Feindel, 1948; Ashby, 1949, and others). 
In our experience with nerve blocks, the response to a painful stimulus has frequently 
lasted as long as 1o seconds, though there is considerable variation, and the time does 
not appear to increase regularly with the progress of the block. In clinical cases, too, 
the response can often be of the order of 1o seconds in length (Ashby, 1949) Jn spite 
of its frequent occurrence, however, no adequate explanation for the existence of this 
prolongation has been put forward. 

Sinclair (1948) noted a considerable prolongation of the sensation aroused by 
touch stimuli at a certain stage of progress of compression blocks, and we have since 


found this to be a fairly consistent feature of procaine and cold blocks also (Table IV). 
The methods of testing (Sinclair & Hinshaw, 1950) do not permit a categorical state- 
but our impression 1s that. 


ment that the same thing occurs with temperature stimuli, l 
it probably does. At all events, since touch has not yet been associated with two 


special groups of fibres, we are at liberty to consider the meaning of the phenomenon 
f conduction in a specific group of 


without the necessity of binding it to the process © 
nerve fibres, as has hitherto been the case (Lewis & Pochin, 1938; Kendall, 1939, and 
others). It is perhaps possible that the prolongation of the response is related to the 
reduction in the number of impulses reaching the central nervous system. Though 
the analogy must not be pushed too far, it is interesting to speculate whether this type 
of response is the sensory counterpart of the long ^ after-discharge” which often 
occurs in motor reflexes when the stimulus is brief and weak (Sherrington, 1947, P- 33). 


stimulus is well recognized in both 


C. Alterations in quality of response. 

It has already been noted that alterations in quality in aspbyxial block experiments 
are most marked in the modality of pain, and it is to pain that nearly all theattention 
in the literature is directed (Bastien & Vulpian, 1855; Boeri & di Silvestro, 1899; 
Fabritius & Bermann, 1913; Lewis, Pickering & Rothschild, 1931; Zotterman, 1933; 
Lewis & Pochin, 1938; Wortis, Stein & Joliffe, 1947; Weddell, Sinclair & Feindel,1948; 
Kellgren & McGowan, 1948, and others). The close resemblance between this type 
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of distortion of pain sensibility and the distortion which occurs in clinical conditions 
such as nerve regeneration (Head, 1920; Trotter & Davies, 1913; Lanier, 1935, and 
others), and tabes (Naunyn, 1879; Ashby, 1949, and others), has been noted by many 
workers, and the matter has been recently discussed by Weddell, Sinclair & Feindel 
(1948), in the light of observations on the neurohistology of cutaneous scars from 
which unpleasant pain could be elicited. It was found that the occurrence of an 
unpleasant response to a needle prick appeared to depend on the existence of a 
simplified pattern of innervation in the scar, and this was correlated with the occur- 
rence of a very similar type of pain in compression blocks at a stage when the fibres 
supplying the area tested must be assumed to be falling out randomly and so thinning 
the pattern of innervation. The idea put forward, which owed much to the sugges- 
tions of Symonds (1931), Lanier (1935) and Bishop (1946) was that the unpleasant 
quality of pain sensibility was correlated with a reduction in the pattern of impulses 
reaching the central nervous system as a result of a stimulus. 

It is interesting, however, and possibly important, that in both procaine and cold 
blocks the alteration in the quality of pain sensibility is not nearly so marked as it 15 
in compression blocks; indeed, in some cases it was not observed (Tables II and IV), 
in contrast to its invariable appearance in compression blocks. In all three types of 
blocks the available evidence suggests that the fibres conducting any one modality 
from a given area of skin tend to fall outat random, so producing a gradually diminishing 
pattern of innervation in the skin. A non-specific reduction in neural patterns does 
not, therefore, appear to be a sufficient explanation for the occurrence of unpleasant 
pain, and it is probable that a special kind of reduction is necessary. We have sug- 
gested elsewhere (Sinclair & Hinshaw, 1951a) that the explanation of the differences 
between compression blocks and procaine or cold blocks may lie in the different 
affective reaction produced by the activity of large and small fibres. In compression 
blocks it is possible that the larger fibres are attacked'first; these fibres may simply be 
responsible for therrecognition by the subject that he has been pricked, and have 
little relation to the sensation of pain as it is commonly understood (Trotter & Davies, 
1913; Le Dantec, 1919; Piéóron, 1923). The remaining smaller fibres, which give the 
subject the impulse pattern commonly identified by him as “pain,” are therefore 
those which are left to undergo the terminal “thinning out" process which governs 
the appearance of the unpleasant response. In procaine and cold blocks it is likely 
that the fibres taking part in this “thinning out" process are, at least in part, the 
larger fibres subserving “piqûre” (Piéron) and not pain; a reduction in pattern o 
such a fibre network would indeed give rise to a change in quality, but such a change 
would not necessarily have the explosive, unpleasant quality of a change in quality 
aroused within the range of " true" pain. 

Any explanation of this sort would, of course, also account for the occurrence of 
alterations in the quality of other modalities, such as touch (Sinclair, 1948). In all 
three types of block alterations in the quality of temperature sensibility occur, but 
they are more difficult to define, and may best be described as giving the impression 
that the sensation has lost its " brightness" and is descending gradually on the skin 
from an immense distance; it “soaks in" in a manner quite unlike its normal brisk 
progress through the skin, and the process is obtrusive. Several subjects were still 
able to differentiate a warm stimulus from a cold one at a time when both sensations 
had apparently lost all-temperature content (Sinclair & Hinshaw, 1950). No subject 
could say how this was done, except that the tubes “‘felt different”; they could not 
identify either tube as being warm or cold, but could merely distinguish tube A from 
tube B. Their ability in this respect did not alter when the two tubes were exchange 
for others. 


4 
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D. Paradoxical temperature sensations. 


Alterations in quality of temperature sensation were in all cases overshadowed by 
the occurrence of paradoxical sensations, which were characteristic of all three types 
of block. In the literature, mention of paradoxical temperature sensations during 
nerve block experiments is practically restricted to chemical blocks (Ponzo, 1909; 
Schilder, 1913; Goldscheider & Hahn, 1924; Grundig, 1930). Their occurrence in 
clinical conditions such as nerve injury has also been noted (Barker, 1896), though 
Such reports are relatively uncommon, perhaps because the patient has too often 
been written off as “unreliable” by the clinician. 

Previous workers on the normal skin have tended to stress the phenomenon of 
paradoxical cold as opposed to paradoxical warm (Alrutz, 1897, 1900, 1906; Thunberg, 
Igor, and others), but, as Pavlicek & Jenkins (1933) point out, paradoxical warm is 
commoner than has often been supposed (Goldscheider, 1884; Bazett, McGlone & 
Brocklehurst, 1930). Nevertheless, Jenkins (1938) using a stimulator surrounded by 
a variable temperature field, observed paradoxical cold and warm only 27 times in 
9,000 stimuli, and in only two out of four subjects, and Gilmer (1942) notes only one 
report of paradoxical warm from approximately 13,000 cold stimuli. However, in 
blocking experiments Ponzo (1909) and Schilder (1913) describe paradoxical warm 
occurring aíter the injection of stovain into the skin, and Goldscheider & Hahn 
(1924), who applied various chemicals to the surface of the skin, maintain that 
paradoxical warm is just as common under these circumstances as paradoxical cold. 
On the other hand, Grundig (1930) blocked the anterior cutaneous nerve of the thigh 
with tutocain, and could find no evidence of the occurrence of paradoxical warm Írom 
the warm spots in the interval after cold sensibility had “disappeared” while that of 
warmth was still present. He agrees with Rein (1924) that there is insufficient 
evidence for the existence of physiological paradoxical warm. > 

There is thus considerable disagreement in the literature, and it should perhaps 
be emphasized here that the phenomenon we have described is the appearance ofa 
paradoxical sensation in response to a relatively large stimulus. Blackening the end 
of the test-tubes used showed that the average area of the tube in contact with the 
skin was about 50 sq. mm., whereas most of the preceding work has been done with 
small stimuli designed to investigate the responses of individual cold and warm 
"spots." One would not, therefore, expect the results to be strictly comparable. 
With our method of stimulation, there are periods during the development of przc-^ 
tically every block when the cold stimulus is called “warm” and the warm stimulus 
called “cold”; both phenomena are equally common. It is also quite usual to find 
that in one and the same area at the same time cold is called warm and warm is called 
cold. This finding would appear to have a number of implications bearing on current 
theories of paradoxical temperature sensation (Stone & Jenkins, 1940), and on the 
problem of temperature sensitivity as a whole. One of us (J. R. H.) has a paper on 
the subject in preparation. 

There were additional complications. In all types of blo e 
to find that, during the failure of temperature sensibility, the subject might confi- 
dently call a warm stimulus cold immediately after its application. After a few 
seconds he might revise his opinion and call it “indifferent,” and by about the 
Ioth second he might be equally confident that the stimulus was a warm one. This 
opinion did not alter if the stimulus was left in situ for as much as another 10 seconds. 
On removal of the stimulus, however, the subject might once again reverse his opinion 
and maintain that the stimulus was cold after all. Such rapid alterations of subjective 


judgment were, of course, not invariable, but they were observed in many subjects 


ck it was quite common 


z 
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with both cold and warm stimuli; -they did not appear to be a reflection on the 
reliability of the individual subject. 

The effect of repetition of temperature stimuli on the response obtained was also 
observed (Sinclair & Hinshaw, 1950). Frequently a stimulus which elicited a para- 
doxical or an indifferent response on first application would be recognized correctly 
and consistently after it had been applied several times to the same area. 


3. Localizability of stimuli and reference of sensation. 


During the process of extinction of the modalities of touch and temperature 1n 
compression blocks, there were occasional spontaneous complaints from the subjects 
that the stimuli were being applied to a different area, sometimes on the hand, 
Sometimes on the forearm or elbow. These "references" of touch and temperature 
sensations were inconstant, and were not noticed in either procaine or cold blocks. 
The referred sensation usually had an altered quality and felt, in the case of touch, 
like a prolonged “tickle.” Often stimulation of the same area a few minutes later 
would still produce reference to the same situation. It is perhaps curious that 
reference of pain was not observed, since pain is fairly frequently referred from the 
normal skin (Sinclair, 1949). Further, painful stimuli remained fairly well localized 
even at the stage of unpleasant responses, whereas touch and temperature stimuli 
were often poorly localized just before they disappeared. Little can as yet be said 
regarding the reason for the occurrence of reference in compression blocks; it may 


perhaps be connected with the progressive reduction in sensibility of the stimulus , 


area, which would render a referred sensation more noticeable than under normal 
circumstances, when the impression from the stimulus area would be so overwhelming 
as to exclude from attention the feeble referred sensation. This sort of explanation 
might also account for the lack of reference of pain at a state when the local response 
is characteristically unpleasant. 


4. Extinction of sensibility. : s 

The main object of carrying out the blocks reported in this paper was to throw 
light on the factors determining the order in which the various sensory modalities 
apparently disappeared in such experiments. This work has been reported elsewhere 
(Sinclair & Hinshaw, 1950, 1951a and 1951b), but a number of points of interest may 
be stressed. 

The extinction of a given modality is a gradually progressive and continuous 
process; when one spot ceases to respond, another close by may continue to give 
responses for some time, and the pattern formed by such responsive spots gradually 
becomes thinned out and disappears. When responses to a given'stimulus can no 
longer be obtained, a more intense stimulus—e.g. a heavier nylon thread—will still 
produce responses, and when these in turn disappear, a further increase in stimulus 
intensity will prolong the extinction time still further, and so on. Repetition of touch 
stimuli, individually ineffective, often leads to a response, probably owing to some sort 
of central summation process (cf. Achelis, 1936). It is essential, therefore, in this 
type of work, to specify exactly the nature of the stimulus and its mode of application 
before it becomes possible to say that “touch ” disappears before “pain” and other 
statements of the kind. Too little regard for this necessity has, in the past, lead to 
grossly contradictory results, since by manipulation of the stimuli used it is often 
possible to record several different orders of sensory loss in the same experiment. 
Further, the end-points adopted must be the subject of close definition. In this work 
we used end-points of the “50 per cent. mortality” variety, in the belief that the 
type of response curve under these circumstances probably corresponds to the familiar 


FI 


: 
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dosage/mortality curves of probit analysis. Unfortunately the rapid progress of the 
blocks did not permit us to base our 50 per cent. mortality on more than 6 or 8 
successive stimuli. Nevertheless, the endpoint so defined is capable of fairly accurate 
reproduction by different observers, and in view of the many other factors involved, 
is probably accurate enough for the purpose. Thompson, ef al. (1934), dealing with 
a similar problem, used a nil response from three consecutive stimuli as a criterion of 
a stimulus being below threshold, and justify their method mathematically; it is 
probable that this system is preferable. 

. We have no measure of the absolute energies involved in the stimuli used in this 
investigation, and it is likely that they differ grossly from one modality to another. 
For this reason, the end-point for one modality is almost certainly not comparable to 
that of another, in terms of the nerve impulses aroused by each stimulus. Again, the 
results obtained in one area of skin within the territory of a given nerve can be 
different from those in another area, and the behaviour of one nerve territory can be 
grossly different from that of another. In short, it appears unlikely that it will ever 
be possible to say, in absolute terms and without numerous qualifications, that in 
nerve blocks in man one modality fails before another. Any inferences drawn from 
Such statements, such as a relation between fibre size and sensory modality (Gasser & 


Erlanger, 1929), are therefore open to question. 


5. Spontaneous temporary recovery. 

In the cold blocks in this series it was frequently observed that there were 
occasional spontaneous remissions in the march of the sensory paralysis, during which 
the sensibility of the part might recover to a condition indistinguishable from normal 
by the testing methods at our disposal. Several such recoveries'might occur during 
the course of one block, without any alteration in the temperature of the freezing 
mixture. This type of irregular progress of paralysis in cold blocks appears to have 
been first noticed by Waller (1861) who noted that in some cases ‘we have hyperes- 
thesia and analgesia of the nerve recurring several times before the supervention of 
the stage of anesthesia." Lewis (1941) has described a related type of irregular 
recovery in sympathetic fibres under similar circumstances. . 

Perhaps more important, because of its bearing on the nature of the modality of 
warm, is another type of sensory recovery affecting only this modality and occurring 
both in cold blocks (Sinclair & Hinshaw, 1951b) and in compression blocks. In this , 
case the reappearance of an ability to identify warm stimuli correctly and consistently 
some time after this ability had been extinguished appears to be connected with the 


onset of vasomotor paralysis. In the cold blocks, at any rate, it is strongly correlated 
with the appearance of a rise in skin temperature, and during the period of recovery 
f vasomotor control (see p. 67). In 


it may disappear temporarily with the recovery o à 
procaine Mois, eascmnator Tardy occurs o ends (it is often the first sign) for the 
connection to be investigated. 

It is also interesting that there is, in b 
a sensation that the whole hand is warm and g! 
occur to warm stimuli applied to the skin. L ; : 
note that in compression blocks, as late as the 35th minute, the tip o 


in water at 40° C. “feels an undiminished and glowing warmth." 
There have been numerous attempts to correlate the sensations of warmth and 


cold with the activity of blood vessels and the sympathetic nervous system generally 
(Nafe & Wagoner, abs Hyndman & Wolkin, 1941; Gilmer, 1942, and others) and 
certainly no satisfactory specific end-organ has ever been produced to bear out the 
theory suggested by v. Frey (Dallenbach, 1927, 1929; Kantor, 1947, and many 


oth cold and compression blocks, frequently 
lowing, at a stage when no responses 
ewis, Pickering & Rothschild (1931) 
f a finger dipped 
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others). Nafe & Wagoner (1937) found that in compression blocks the failure of cold 
sensibility coincides with the failure of the blood-vessels in the hand to respond to a 
cold stimulus given to the contralateral hand. Their conclusions do not appear 
justified by the few observations presented, but nevertheless it appears that work of 
this kind could throw some light on temperature sensibility. The findings in the 
present series of blocks have not yet been followed up, but they suggest a possible line 


of enquiry. 


Sensory hallucinations. 

These were confined to compression blocks, and related to the position of the 
elbow. Seven subjects, at a time when all sensation in the hand except that of pain 
had been extinguished, spontaneously remarked on the fact that they felt that the 
forearm had risen from its dependent position and now lay roughly at right-angles to 
thearm. Allwere profoundly surprised to find that in fact the forearm had not moved. 
After they had satisfied themselves of this, the hallucination usually disappeared. 


Process of recovery. 
I. Sensations induced by the recovery process. 

No particular sensation could be associated with the recovery process in procaine 
blocks, but in a number of cold blocks recovery was accompanied by pain in the 
cooled region of the elbow, with or without nausea and faintness increased by handling 
the territory of the ulnar nerve. This may be due to the liberation and rapid dis- 
semination of a histamine-like substance from the damaged tissues of the elbow, and 
it was found that if the limb was kept quite still and not interfered with, these 
symptoms did not occur (Sinclair & Hinshaw, 1951b). Pain referred to the hand was 
not observed. 

On a release of;a compression block, a series of fleeting thermal impressions was 
often felt, such as a “wave” of warmth appearing to “hit” the hand, succeeded by @ 
transient feeling of cold lasting a few seconds. This was in turn followed by a warm 


"glow." These temperature sensations were inconstant, and have not been 


investigated. 
The existence of “formication” during the recovery from compression block 


been noted in the literature for some time (e.g. Carpenter, 1847), but it was not unti 
1921 that Lewis, Pickering and Rothschild investigated its nature and cause. They 
concluded that it arose in the nerve fibres directly underneath the investing cuff, 
and suggested that it was “an affair of the tactile nerves." Weddell & Sinclair (1947 
described several elements in the sensation complex which succeeds release of c0?" 
pression, and concluded that the tingling or “pricking” component was largely due 
to the stimulation of pain endings in the hand by the removal from their vicinity 9 
a metabolite which had accumulated there during the period of compression. 

Merrington & Nathan (1949), as a result of similar experiments, conclude 
the impulses arose in the nerves and not in the endings, and that they were carr 
fibres normally subserving touch, pressure and movement. 

This conflict regarding the quality of the sensation produced in this way results 
largely from the observation of patients with lesions of the nervous system, which 15 
necessarily an unrelia'le basis for ‘work on sensation. One of us (D. S.) has investi" 
gated release parasthesiz in the same 28 patients used for the investigation of tingling 
during compression. The evidence so accumulated suggests, in contrast to the 
findings of Merrington & Nathan, that the impulses of release paræsthesiæ travel, ie: 
least as far as the thalamus, along pathways normally conveying pain; W hes 
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pathways are intact, the sensation is felt, and when they are damaged, the sensation 
is diminished or absent. In the cases with cerebral lesions, defects in the appreciation 
of pain were correlated with defective appreciation of the paresthesiz, while defects 
in the appreciation of touch or pressure produced little or no effect on the intensity, 
duration or quality of the sensation. 

The most recent work is that of Magladery, McDougall & Stoll (1950), who 
recorded the impulses from the ulnar nerve at the elbow during and after compression 
blocks. Their evidence indicates that the impulses arise distally in the limb, probably 
at the endings, and they have shown that the first fibres to recover (about the time of 
onset of formication) are those of high conduction velocity. They conclude that pain 
pathways are not likely to be involved. r 

These difficulties may perhaps be resolved by a consideration of the introspective 
findings. When a subject is asked to describe the sensation he experiences'under these 
circumstances, one of two replies is almost invariably made; either it is called “pins 
and needles” or it is described as a “pricking” sensation. The implication of 
“pricking” is thus invariable, though the sensation may be described as painful by 
one subject and not painful by another. May it not therefore be that the sensation 
is closely connected to the sensation of “piqûre” which Piéron and others have 
stoutly maintained must be separated from pain? It would occasion no surprise to 
find “piqûre” travelling in the fast fibres, and indeed it could be regarded as the 
response typically aroused by the largest fibres in a spectrum whose slower members 
give responses which are characteristically recognized as painful. The pathways 
traversed by the sensation of “piqûre” may well be multiple, and may differ from 
patient to patient, but it is far more likely that confusion arises owing to the difficulty 
of patients in interpreting and naming the sensations which they experience. 


2. Response to sensory stimuli during recovery. c" 

In both cold and compression blocks the process of sensory recovery was usually 
extremely difficult to follow because of the risk of causing syncope n the cold blocks 
and the constant presence of parasthesie in the compression blocks, so that the 
procaine blocks afford the only really satisfactory data on recovery. In the meque 
records of the mode of recovery in compression blocks are scanty, though Raffel p y 
has reported two experiments on the leg. Recovery in cold blocks has been studie 
by Bickford (1939) and in procaine blocks by Heinbecker, Bishop & O'Leary (1934). .. 
With procaine blocks there is a difficulty not experienced in the other two ypa 
namely, that the process of recovery is self-initiating, and no control of its onse : 
possible. Nevertheless, enough information has been accumulated in all thrée types 
block to make certain general statements permissible. waite 

Three stages could be recognized in the recovery process; the Pei ME a 
ability to recognize the sensory stimuli consistently. This stage 15 reache a as adt 
compression blocks and slowest in procaine blocks; the various moa Sai E 
always recover in the same order as they disappeared. In the end FA H 
observed that the modality of warm, which was often present at the T 9 atietic 
disappeared again in several instances at the time of recovery of the symp 


brcs, and only later returned permanently. : 
The next Mure was mackie when no subjective difference gu capone 
between the sensations produced by the standard stimuli on he affecte a eee 
control hand; this took considerably longer than the first stage s bis A. 
block. "Though no difference could be detected by the crude stimuli employed, at this 
hand and another, and it was 


time there was still a subjective difference between one it w 
not until perhaps some ee later that the last stage—that of complete subjective 
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recovery—was reached. The difference between the two hands, which could not be 
satisfactorily described by any subject, could be emphasized by stimuli such as 
stroking the hand with the other hand. In all types of block the last modality to 
recover completely was that of touch, irrespective of the order in which touch 
sensibility returned when the standard stimuli were used. This finding may be 
correlated with the observation that during the development of the blocking process 
the first modality to be subjectively disturbed was in nearly every case that of touch, 
irrespective of the type of blocking agent and of the order in which the modalities 
eventually disappeared. We have previously (Sinclair & Hinshaw, 1g51a) drawn 
attention to this discrepancy and suggested that a small deficiency in the modality of 
touch, a modality of which we make use so constantly, may be more readily detected 
than similar deficiencies in the other modalities, which we do not so often experience. 


IV 
GENERAL DISCUSSION 


Bastien & Vulpian (1855), who were among the first to conduct systematic 
investigations into the phenomena accompanying nerve blocks caused by the applica- 
tion of pressure, wrote:—' En résumé, une première et attentive exploration nous à 
fait voir que l'étude des effets de la compression des nerfs, de ces phénoménes trés- 
connus, mais peu analysés jusqu'à présent, était une mine trés riche et pouvait étre 
féconde en résultats applicables à la physiologie et à la pathologie du systéme nerveux." 
The position is still very similar. The "mine" is still unexhausted, and the results 
still wait to be worked out. Even the phenomena themselves are by no means 50 
generally known as‘was assumed nearly a hundred years ago, and it is partly for this 
reason that misconceptions have risen, such as the correlation of the order of sensory 
loss in nerve blocks in man with the way in which fibres fall out according to their 
size in animal experiments. In the human experiments insufficient attention has 
often been paid to controlling the mode of stimulation and the area stimulated and to 
the possibility of extensive individual variation. 

One of the most interesting features of nerve blocks in general is the development 
of what we have called the “ partial block syndrome "—i.e. the association of delay, 
prolotigation of response and altered quality of response. It does not seem improbable 
that all three features of this syndrome may arise from the same basic cause—4@ 
deficiency (perhaps of a special kind) in the impulse pattern reaching the central 
nervous system as a result of the application of a stimulus. Such a hypothesis might 
well be applicable to similar phenomena known to occur in clinical lesions of the 
nervous system. 

Similarly, the further elucidation of the precise nature of the sensations produced 
by the development and recession of the blocking process might have a direct applica- 
tion to problems connected with the occurrence or paresthesia in nerve injuries, etc. 

The phenomena in relation to temperature sensibility also merit further investiga- 
tion. The paradoxical sensations, which are produced with difficulty from the norma 
skin, but which are so readily elicited by the technique described, may well throw 
light on the nature of temperature sensibility in general, while the possibility of & 
kind of relationship between warm sensibility and the activity of the sympathetic 
nervous system is also of importance. When so little is known for certain 
about temperature sensation, additional lines of attacking the problem have a 


disproportionate significance. 


Our grateful thanks are due to the volunteers who took part in this investigation, 
which was in part assisted by the Rockefeller Foundation. 


ua 


16. 


17. 
18. 
19. 


20. 
21. 


22. 
23. 


24. 


25. 


26. 


27. 
28. 


SENSORY PHENOMENA IN EXPERIMENTAL NERVE BLOCK 69 


REFERENCES 


AcHELIS, J. D. (1936). Die Physiologie der Schmerzen. Nervenarzt, 9, 559-568. 

Arutz, S. (1897). Studien auf dem Gebiete der Temperatursinne. Shand. Arch. 
f. Physiol., 7, 321-340. 

ALRUTZ, S. (1900). Studien auf dem Gebiete der Temperatursinne.—II. Die Hit- 
zeempfindung. Skand. Arch. f. Physiol., 10, 340-352. 

ALRUTZ, S. (1906). Ueber die sog. perversen Temperaturempfindungen. Skand. 
Arch. f. Physiol., 18, 166-176. 

Asupy, M. (1949). Delayed withdrawal reflex and perception of pain; studies in a 
case of syphilitic meningomyelitis and tabes with extensor plantar responses ofa 
type not previously described. Brain, 72, 599-612. 

BARKER, L. F. (1896). A case of circumscribed unilateral and elective sensory 


paralysis. J. Exp. Med., 1, 348-360. 

BASTIEN, J.-B., and VULPIAN, A. (1855). Mémoire sur les effets de la compression 
des nerfs. Gaz. Med., p. 794-795- 

Bazett, H. C., and McGLoxE, B. (1931). Chemical factor in causation of tingling 

sensations during and after release of stasis. Proc. Soc. exp. Biol New York, 


29, 87-88. 
Bazett, H. C., McGLoNE, B., and BROCKLEHURST, R. J. (1939). The temperatures 
in the tissues which accompany temperature sensations. J: Physiol., 69, 88-112. 
Bickrorp, R. G. (1939). The fibre dissociation produced by cooling human nerves. 


Clin. Sci., 4, 159-165. 


Bisuop, G. H. (1946). 
26, 77-102. i 
Bozni, G., and D1 SILVESTRO, R. (1899). Sur le mode de se comporter des différentes 

sensibilités sous l'action de divers agents. Arch. Ital. de Biol., 31, 460-464. 
Bourcuicnon, G., and Laueter, H. (1923). Variations de l'excitabilité neuro- 
et du rétablissement de la circulation 


musculaire sous l'influence de la. suppression 
Arch. Internat. Physiol., 21, 265-294. E 
ce of temperature on the conductivity of 


Neural mechanisms of cutancous sense. Physiol. Rev., 


d'un membre chez l'homme. 
Bovcorr, A. E. (1902). On the influen 
nerve. J. Physiol., 27, 488-506. NH 
Bnoww-SÉQuaRD, C. E. (1857). On the power possessed by motor ana sensitive 
nerves of retaining their vital properties longer than muscles when deprived of 
„blood. Proc. Roy. Soc., 8, 600-603. " . 
CARPENTER, W. B. (1847)- Touch. Cyclopedia of Anatomy and Physiology. Volume 
4, PP- 1,163-1,184. Ed. R. B. Todd. London: Longman, Brown, Green, Longmans 


and Roberts. : 
Crook, M. N. (1932). The sensory aspects of electri 
Psychol., 6, 49-69. 
DarLENBACH, K. M. (1927). 
39, 402-427. MM 
DALLENBACH, K. M. (1929). A bibliography of the attempts to identify 
endorgans of cold and warmth. Am. J. Psychol., 41, 344- 
Dzssorm, M. (1892). Ueber den Hautsinn. Arch. f. Physiol., PP- 175-339: autoi 
Dorey, C. S., and Catrett, J. McK. (1894). On reaction times and the velocity o 
the nervous impulse. Psych. Rev., 1, 159-168. 
EBBECKE, U. ETAN Membrananderung und Nervenerregung.—[LL. Ueber das 
Nervenschwirren bei Reizung sensiblen Nerven. Pflüger's Arch " 197, poe 
EICHLER (1930). Ueber die Reaktionszeiten bei Schmerzreisen. Zeit. f. Psychol. u. 


Physiol. d. Sinnesorg., 60, 325-333- der Haut und Tiefen- 


3 2 
Faprirtus, H., and von BERMANN, E- (1913). Zur Kenntnis | : 
sensibilitat, untersucht mittels der Abschnürungsmethode. Archiv. f. Physiol., 


151, 125-157. : : . 
vaN Prev, M. (1897). Untersuchungen über die Sinnesfunctionen der menschlichen 
Haut. I. Druckemfindung und Schmerz. Abhand. d. math-phys., Cl. d. K. Sachs 


cal stimulation. J. Gen. 


The temperature spots andend-organs. Am. J. Psychol. 


the functional 


ges. d. Wiss., 23, 169-266. n von Hautreizen. 


mam J., and GOLDSCHEIDER, A. (1892). 

eit. f. klin. Med., 20, -373- 5 ; 

co H. S. (1943). 33 producing impulses in peripheral nerves. Proc. Ass. 
Res. Nerv. Ment. Dis., 23, 44-62. 

Gasser, H. S. (1945). Mammalian nerve fibers. 
Norstedt & Soner. 


Ueber die Suramatio: 


Nobel lecture, pp. 13- Stockholm: 


QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Gasser, H. S., and ERLANGER, J. (1929). The role of fiber size in the establishment 
of a nerve block by pressure or cocaine. Am. J. Physiol., 88, 581-591. 

GILMER, B. von H. (1942). The relation of cold sensitivity to sweat duct distribution 
and the neurovascular mechanisms of the skin. J. Physiol., 13, 307-325. 

GorpscHEIDER, A. (1884). Die specifische Energie der Temperaturnerven. Monatsh. 
f. prakt. Dermatol., 3, 198-208. 

GoLpscHEIDER, A. (1886). Zur Dualitüt des Temperatursinns. Pfliiger's Arch., 
39, 96-120. 

GOLDSCHEIDER, A., and Haun, H. (1924). Untersuchungen iiber den Temperatur- 
sinn.—II. Chemische Reizung und Lähmung der Temperaturnerven. Schich- 
tungstheorie. Paradoxe Warmeempfindung. Hitzeempfindung. Pffiiger’s Arch., 
206, 308-324. 

GRANIT, R., and LUNDBERG, A. (1947). Heat- and cold-sensitive mammalian nerve 
fibres. Some somatic reflexes to thermostimulation. Acta Physiol. Scand., 13, 


334-346. 3 
GRUNDIG, J. (1930). Versuche zur Frage der paradoxen Warmempfindung. Zeit. 


f. Biol., 89, 547-554. 

Heap, H. (1920). Studies in Neurology. London: Oxford Med. Publ., pp. 837. 

HEINBECKER, P., Bisuop, G. H., and O'Leary, J. (1934). Analysis of sensation in 
terms of the nerve impulse. Arch. Neurol. Psychiat., 31, 34-53. 

Hynpman, O. R., and Workin, J. (1941). The sympathetic nervous system. 
Influence on sensibility to heat and cold and to certain types of pain, Arch. 
Neurol. Psychiat., 46, 1,006-1,016. 

Jenkins, W. L. (1938). Studies in thermal sensitivity.—IV. Minor contributions. 
J. exp. Psychol., 22, 178-185. 

Kantor, J. R. (1947). Problems of Physiological Psychology. Bloomington, 


Indiana: Principia Press, pp. 398. 
KAUFFMANN, F. (1921). Ueber die Latenzzeit der Schmerzempfindung im Bereiche 


hyperalgetischer Zonen bei Anwendung von Wármereizen. Münch. med. Woch., 
P. 1,174-1,178. 

KAUFFMANN, F., and STEINHAUSEN, W. (1921). Ueber die Abhängigkeit der 
Reflexzeit von der Starke des Reizes. Pfliiger’s Arch., 190, 12-40. 

KELLGREN, J. H., and McGowan, A. J. (1948). On the behaviour of deep and 
cutaneous sensibility during nerve blocks. Clin. Sci., 7, 1-11. , 

KENDALL, D. (1939). Some observations on central pain. Brain, 62, 253-273. 

KUGELBERG, E. (1944). Accommodation in human nerves. Acta Physiol. Scand. 
(Suppl. 24), 8, 1-105. 

KUGELBERG, E. (19462). Neurologic mechanism for certain phenomena in tetany. 
“Arch. Neurol. Psychiat., 56, 507-521. 

KucELBERG, E. (1946b). “Injury activity'' and “trigger zones” in human nerves. 
Brain, 69, 310-324. 

KUGELBERG, E. (1948a). Activation of human nerves by ischemia. Arch. Neurol. 
Psychiat., 60, 140-152. 

KUGELBERG, E. (1948b). Activation of human nerves by hyperventilation and 
hypocalcemia. Arch. Neurol. Psychiat., 60, 153-164. 

Lanier, L. H. (1935). An experimental study of cutaneous innervation. Proc, ASS. 
Res. Nerv. Ment. Dis., 15, 437-456. 

LrDawrEc, A. (1919). Dissociation electro-physiologique de la sensibilité cutanée 
chez l'homme normal. Dissociation de la douleur chez les blessés dé guerre. 
Traitement. J. de Med. de Bordeaux, 90, 451—483. 

LEHMANN, J. E. (1937). The effect of asphyxia of mammalian A nerve fibers. 
Am. J. Physiol., 199, 111-120, 

Lewis, T. (1941). Observations on some normal and injurious effects of cold upon 
the skin and underlying tissues.—I. Reactions to cold, and injury of normal 
skin. Brit. Med. J., 2, 795-797. 

Lewis, T., and Poc it, E. E. (1937). The double pain response of the human skin 
toasingle stimulus. Clin. Sci., 3, 67-76. 

Lewis, T., and PocHiN, E. E. (1938). Effects of asphyxia and pressure on sensory 
nerves of man. Clin. Sci.,3, 141-155. 

Lewis, T., PickERING, G. W., and Rotuscuizp, P. (1931). Centripetal paralysis 
arising out of arrested bloodflow to the limb. Heart, 16, 1-32. 


+ 


| 


66. 


SENSORY PHENOMENA IN EXPERIMENTAL NERVE BLOCK gx 


Macrapzny, J. W., McDovcar, D. B., and SroLL, J. (1950). Electrophysiological 
studies of nerve and reflex activity in normal man.—III. The post-ischzemic state. 
Bull. Johns Hopkins, 86, 313-340. 

Merrincton, W. R., and NÀrHAN, P. W. (1949). A study of post-ischamic parzes- 
thesiae. J. Neurol. Neurosurg. Psychiat., 12, 1-18. 

MrrcugLL, S. W. (1872). Injuries of Nerves and their Consequences. Philadelphia: 
Lippincott., pp. 377- 

Nare, J. P., and Waconer, K. S. (1936). The experiences of warmth, cold and heat. 
J. Psychol., 2, 421—433. 

Nàrz, J. P., and Waconer, K. S. (1937). The dependency of cold upon vascular 
action; studies with nerve block. Am. J. Psychol., 49, 636-644. 

Naunyn, B. (1879). Beitrag zur Kenntniss der Sensibilitátstórungen bei Rücken- 
markskrankheiten. Deutsche. Archiv. f. klin. Med., 23, 414-422. 

PavLICEK, G., and Jenkins, J. G. (1933). Paradoxical warmth. Am. J. Psychol., 


45, 350-353. " 
PifÉnoN, H. (1923). Comment se peut concevoir la "sensation" de douleur. Rev. 


gén. des Sciences, 34, 365-371. 

Préron, H. (1929). La dissociation des douleurs cutanées et la différenciation des 
conducteurs algiques. L'Année Psychol., 30, 1-24. 

Priron, H. (1930). Temps de réaction et dissociation des douleurs cutanées. C.R. 
Soc. de Biol., 103, 883-886. 

PrÉRoN, H. (1931). Nouvelles données sur la dissociation des douleurs cutanées. 
J. de Psychol., 28, 279-282. H 

PréRon, H., and Srcar, J. (1938). La sensibilité tactile digitale etudiée par stimula- 
tion clectrique du nerf cutané. C.R. Soc. de Biol., 128, 762-764. . . 

Pocuin, E. E. (1938). Delay of pain perception in tabes dorsailis. Clin. Sci., 3, 
191—196. 

Powzo, M. (1909). Ueber die Wirkung des Stovains auf die Organe des Geschmacks, 
der Hautempfindugen usw. Arch. f. d. ges. Psychol., 14, 385-436. 

RarrEL, G. (1936). Recovery of sensitivity to prick and touch after pressure block, 
with a note on the sensitivity of hair spots. J. Gen. Psychol., 15, 13-21. 

Rxrp, C. (1931). Experimental ischemia: sensory phenomena, fibrillary twitchings, 
and effects on pulse, respiration, and blood-pressure. Quart. J. exp. Physiol., 21, 
243-251. i 

REN, H. (1924). Ueber die Topographie der Warmempfindung. Beziehungen 
zwischen Innervation und rezeptorischen Endorganen. Zeit. f. Biol., 81, 513-535- 

ScHILDER, P. (1913). Zur pathologische Physiologie der Hautsinne. I. Ueber 
perverse Wärme- und Hitzeempfindungen. Zeit. f. d. ges. Neurol. u. Psych., 14, 


604-649. f E : 
E acc. C. S. (1947). The Integrative Action of the Nervous System. Cam- 


bridge: The University Press, pp. 433- m 
SINKAR, D: ©: més d teen LE on the sensory paralysis produced by com> 
pression of ahuman limb. J. Neurophysiol., 11, 75-92. , . . 
SiNcLAIm, D. C. (1949). The remote reference of pain aroused in the skin. Brain, 

72, 364-372. 
SiNcLAIR, D. C., and HiNSHAW, 
block. Brain, 73, 224—243. ; ; 
SixcLAIR, D. C., and HinsHaw, J. R. (19512). A comparison of the sensory d 
sociation produced by procaine and by limb compression. Brain (74, AD c 
Sinciair, D. C., and Hinsuaw, J. R. (ro51b). Sensory changes im STE OLD 


E a pii mel La mà Der Abbau der sensiblen, Funktionen. 
Eine sinnesphysiologische Analyse der Hypásthesie. Deutsche Zeit. f. Nerven- 
heilk, 99, 1-30. 

SrziN, M. H., and Wortis, H. (1941). Api 

S J. e : Toro US dad % kennt research in cutaneous sensitivity : 
I. Pain and temperature. Psychol. Bull., 37, 285-311. 


i ; of painful sensation. Lancet, 2, 723-726. 
meu Reo NET pay en lication of certain technical advances 


Tuompson, I. M. (1 . An outline of the app. 3 $ 
to some fare bees innervation and sensation. Proc. Ass. Res. Nerv. 
Ment. Dis., 15, 98-102. 


J. R. (1950). Sensory changes in procaine nerve 


Tabes Dorsalis; evaluation of the sensory 


88. 


89. 


90. 
91. 


92. 
93. 


94. 
95. 


QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Tuompson, I. M., and KimsarL, H. S. (1936). Effect of local ischæmia upon human 
nerve fibers in vivo. Proc. Soc. exp. Biol. Med., 34, 601—603. 

Tuompson, I. M., Bangs, G. F., BARRON, A., Fratis, A. M., and Mattison, B.F. 
(1934). Differential elevation of cutaneous sensory thresholds by alternating 
currents applied to a nerve, Univ. Calif. Publ. Anat., 1, 167-194. 

THUNBERG, T. (1901). Untersuchungen über die relative Tienfenlage der kälte-, 
wärme-, und schmerzpercipirenden Nervenden in der Haut und über das 
irae der Káltenervenden gegenüber Warmereizen. Skand. Arch. f. Physiol., 

» 382-435. : 

TROTTER, W., and Davies, H. M. (1913). The peculiarities of sensibility found in 
cutaneous areas supplied by regenerating nerves. J. f. Psychol. u. Neurol. 
Leipzig, 20; Ergnzhft, 2, 102-150. 

WALLER, A. (1861). On the sensory, motory and vasomotory symptoms resulting 
from the refrigeration of the ulnar nerve. Proc. Roy. Soc., 11, 436-438. 

WEDDELL, G. and Sincrair, D.C. (1947). Pins and needles: observations on some 
of the sensations aroused in a limb by the application of pressure. J. Neurol. 
Neurosurg. Psychiat., 10, 26-46. 

WEDDELL, G., SINCLAIR, D. C., and FEINDEL, W. H. (1948). An anatomical basis 
for alterations in quality of pain sensibility. J. Neurophysiol., 11, 99-109. 

Worr, S., and Harpy, J. D. (1941). Studies on pain. Observations on pain due to 
local cooling and on factors involved in the “cold pressor” effect. J. Clin. Invest., 
20, 521-533. 

Wortis, H., Stern, M. H., and Jouirre, N. (1942). Fiber dissociation in peripheral 
neuropathy. Arch. Int. Med., 69, 222-237. 

ZOTTERMAN, Y. (1933). Studies in the peripheral nervous mechanism of pain. Acta 
Medica Scand., 80, 185-242. 


(Received oth January, 1951.) 


VARIATIONS IN REFLEX BLINK-RATE DURING 
VISUAL-MOTOR TASKS 
BY 
G. C. DREW 


(Department of Psychology, University of Bristol) 
on the reflex blink rate has been 
ve been somewhat contradictory. 


. The influence of the performance of various tasks 
investigated repeatedly, but the results obtained ha 
More recently, it has been suggested that the reflex blink rate may be a considerable factor 
in the accuracy with which visual-motor tasks are performed. The aim of the present 
experiment was to attempt to obtain further evidence on both these questions. 

The experiment was carried out in two parts. The main part was done in the laboratory, 
while a validating experiment was carried out on the road. In the laboratory, subjects 


were required to steer a pencil along a moving track which varied in difficulty. The 
difficulty of the response was varied by using a direct control on some trials and a velocity 
recorded throughout. 


control on others. Blink rate, errors, and control measurements were 
In the road experiment, cine films were taken of the driver's eyes while driving in heavy 


traffic and in open country. 


The results of both experiments show: 

(a) That there are marked individual differences in blink rate, the relative order of 
which is maintained in spite of variations in the actual blink rate. 

(b) That there is no relationship between the accuracy with which a particular 
individual carries out a task of this sort and his blink rate. The rapid “blinker” 
is no more and no less likely to be accurate than the infrequent “blinker.” 

| (c) That the actual blink rate for all individuals varies inversely with the difficulty of 

j the task and the amount of control movement necessary. The blink rate dccreases 

as the necessity for detailed visual control of movement increases. Blink rates 


when driving a car in heavy traffic, or when steering along an oscillating track, 
g in open country or when following a 


; are considerably lower than when drivin 
straight track. 
(d) That the adjustment of the blink rate to the difficulty of the task is achieved not 
only by an alteration in overall blink rate, but also by a change in the distribution 
f' of blinking. The blink rate is approximately constant under constant conditions, 
d but when the task is varying in difficulty, blinking occurs just before and just - 
a after periods of maximum difficulty, but is completely inhibited during the periods 
k of maximum difficulty itself. 
| r 
| INTRODUCTION 
{ Tue relationship of the reflex, involuntary blink rate to the type of activity in which 
the individual is engaged has been a subject of controversy for some years. Ponder 
and Kennedy (1928) attempted to discover the effective stimulus for the involuntary 
blink and were able to show that this was not provided by corneal or conjunctival 
stimulation, by the perception of light, or by tensions in the muscles controlling eye 
movements. They concluded that there appears to be no afferent path for this 
than a peripheral origin. 


response, and that the response probably has a central rather 


: | They suggested that the involuntary blink is caused by periodic discharges down the 
2 7th nerve, the impulses originating in the basal nuclei. In the course of their experi- 
j ments, they demonstrated that the blink rate varies between individuals, but is 
, 
| 
| 
|. 


relatively constant for a given individual if the conditions are kept constant. Some 
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changes of condition, such as a change from light to darkness, did not affect the blink 
rate of their subjects significantly, while other conditions, such as changing from 
reading to conversation, from far to near fixation, sudden anger, and the subjection 
of witnesses in a court of law to cross-examination, produced marked changes, usually 
in the direction of increasing the blink rate. From comparative evidence supplied by 
Blount (1928), they suggest that in early life "blink movements develop either in 
connection with attempts at action on the part of the child, or with the perception 0 
unexpected sounds or objects in its environment,” and conclude that the blink move- 
ments are clearly linked up with mental development, so that "there is every reason 
to expect the close relationship which exists between the movements and the mental 
operations of later life." 

That there is a marked and fairly consistent variation in blink rate between 
different inviduals has been demonstrated conclusively, and there appears to be 
little doubt that the blink rate for a given individual varies from time to time. The 
nature of this individual variation, however, does not seem to be at all clearly known. 
Peterson and Allison (1931) found that reading, cancelling letters, near and far 
fixation gave markedly different blink rates. Telford and Thompson (1933) recorded 
an increasing blink rate comparing reading, conversation and mental arithmetic in 
that order. Similar results were obtained by Walter (1941). Macpherson (1943). 
comparing blink rates using as tasks counting rows of dots, picking up aircraft 
silhouettes, plotting graphs and reading, concluded that rate of blinking is negatively 
correlated with the ease of doing a task. 

While Luckiesh (1944 a) is sceptical of the use of the blink rate to equate different 
kinds of task, he and his collaborators (Luckiesh, 1944 b, 1946, 1947; Luckiesh & 
Moss, 1942; Luckiesh, Guth & Eastman, 1947), have claimed changes in the blink 
rate, on a given task, with changes in the relative ease of seeing. Using reading at a 
norma! speed as a task, they have found increases in the blink rate during one hour, 
the rate of increase varying with the efficiency of illumination, very dim or very bright 
illuminations producing greater increases than medium illuminations. Luckiesh, in 
fact, has used the relative increase in blink rate as a means of determining the optimum 
lighting conditions for a given activity. Increases in blink rate during prolonged 
periods of visual activity have also been reported by Carpenter (1948), Tinker (1945, 
1949) and Hoffman (1946). 

Bitterman, and Bitterman and Soloway have carried out a series of investigations 
into the change in blink rate with the difficulty of the task, and have failed to find any 
consistent variations. (Bitterman, 1945, 1946, 1947, 1949; Bitterman and Soloway, 
1946 a, b). In these experiments, the Minnesota Clerical Test has been used as 
reading material, which, as Luckiesh has pointed out, does introduce speed and 
accuracy factors not present in his own work. The difficulty of the task has been 
varied by introducing glare conditions, or auditory distractions. His results have lead 
Bitterman to claim that the blink rate is too unreliable to be used either as a measure 
of fatigue or of the difficulty of the task. Tinker (1946) found no significant difference 
in blink rate in subjects engaged in reading material of unequal difficulty as measured 
by speed of reading. Brozek, Simonson & Keys found no differential increase in 
blink rate during one hour, using a task analogous to conveyor-belt inspection, under 
widely differing illuminations, but did find increased overall average rates under low 
and high illuminations as compared with medium illuminations. 

Hall (1945), investigating the blink rates during conversation and during reading 
aloud, found a marked reduction when reading aloud. He found, moreover, that 
blinking, when reading aloud, is not uniformly distributed but occurs at punctuation 
marks and when turning over pages. Printing the sentences in vertical columns 
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reduced the blink rate further, and especially at punctuation 
concentrated during the time at which pages were turned. 

Lawson (1948), working from figures derived both from his own observations and 
those reported by Duke-Elder (1942), summarized the extent of individual variation 
in blink rate on a constant task, and calculated the period of blackout and of impaired 
vision arising either from lid closure or from saccadic eye movements during blinking. 
He calculated that the majority of people are completely blacked out for ro per cent. 
of their waking time, and that the percentage is considerably increased for the more 
frequent blinkers. He found, in fact, that 21 per cent. of the population tested had an 
inter-blink period of less than 1-6 seconds; and 8 per cent. less than 2 seconds and 
0:5 per cent. less than o-8seconds. From this, he argued that people with high blink 
rates, with a consequent high blackout time, will be less efficient in performing visual 
tasks and will be more likely to be involved in accidents, for example, than people 


with low blink rates. 

The experiment reported here was designed 
ona visual-motor task to blink rate, and the variations in blink rate during periods of 
differing difficulty on the same task, in comparison with previous work where the 


comparison of blink rate with difficulty has been made using different tasks. 


marks, blinks being now 


to test the relationship of accuracy 


II 


APPARATUS AND METHOD 

two parts, the first in the laboratory and the 
d. The purpose of the field study was largely 
y under road conditions. 


The investigation was carried out in 
second in a car being driven along a roa 
to check the validity of the laboratory stud 


A. Laboratory Study. 

It was decided that subjects sh 
to a visual stimulus which placed varying 
response required to follow it. If the rate 0 
visual control of responses, it appeared desirable t 
following criteria:— 

(i) That the visual stimulus should 
change relatively continuously at others. 

(i) That the responses required should be relate 
little or no response to a constant stimulus, and a con 
changing stimulus. 

(ii) That the response should be one wh 

followed the stimulus to be scored. 

(iv) That the subjects should be unaware that the experiment was concerned with 

blink-rates. This implied that the task must be such that a plausible alter- 
native explanation could be given, and that the recording of actual blinking 


should be unobtrusive. 


ould be set a task which required them to respond 
demands on the amount and speed of 
f blinking is related to the amount of 
hat the task set should mcet the 
remain constant at some periods and should 


d to the visual stimulus, requiring 
tinuous response to à 


ich would allow the degree to which it 


To meet these requirements, a visual tracking task was designed in which the 
subjects were required to steer, by remote controls, a pencil along a path which at 
times was straight and at times oscillated from side to side in such a way as to require 


rapid and fairly vigorous responses to follow it. 
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_ The track was provided by drawing a black line, ] inch wide, on a band of paper 
6 inches wide. The line alternated between being drawn straight and in the middle of the 
paper, and oscillating irregularly across it. A stencil was used in drawing the lines 


to ensure uniformity for different subjects. Fig. 1 shows part of the first straight . 


piece and of the first oscillating section. The paper band with the line drawn on it was 


FIGURE 1 
SAMPLE OF TRACK 


mounted on a standard “‘long’’ kymograph. A screen with a window cut in it was mounted 
between the subject and the kymograph. When the kymograph was rotated the black 
line moved horizontally past the window from the subject's right to left, at a speed of 
100 m.m.s per second. The window in the screen was so arranged that the front of the 
moving line, to which he was responding, was at the extreme left-hand edge, and the 
window was of such a size as to allow him vision of any part of the track during 30 seconds 
before he need respond to it. He was thus able to have anticipatory information on the 
kind of response he would have to make in the fairly near future. 

A pencil, fitted with four different coloured leads, was mounted on a slide, fixed to the 
kymograph stand, in such a way that it slid easily across the paper band iñ a 'vertical 
direction. Only the writing point and about 2 inches of the pencil were visible to the 
subject through the window in the screen. 

The subject controlled the movements of the pencil by means of anapparatus modified 
from a Craik Triple Tester. This apparatus consisted of a wooden control wheel, 6 inches 
in diameter, mounted with its axle horizontal. Rotation of this wheel by the subject 
rotated an axle on which were mounted two rack-and-pinion mechanisms. One of these 
was connected directly to a sliding arm mounted immediately behind the control wheel. 
The pencil was pulled vertically up the face of the kymograph drum by fishing line tied 
to this sliding arm, and was pulled downwards by return weights. Thus, with this rack 
and pínion engaged, the subject had direct control of the movements of the pencil, the 
speed and direction of which corresponded to the speed and direction of the movements 
of the control wheel. 

A small gearbox allowed the experimenter to disengage this direct drive and to operate 
instead the second rack and pinion which substituted a velocity control for a direct control. 
Movements of the control wheel when this second mechanism was engaged moved a friction 
wheel across the surface of a rotating brass plate. This plate was driven by a synchronous 
motor. Movement of the sliding arm, and thus of the pencil, was now dependent upon 
the speed and direction of rotation of the friction wheel. If the friction wheel was kept in 
the centre of the rotating brass plate, it, and thus the pencil, remained stationary. Once 
off centre, however, the friction wheel rotated, the speed and direction of rotation being 
dependent on the direction and distance off centre. The subject, by moving his control 
wheel, imparted a moveraent to the pencil, of which he could control the direction an 
velocity. Thus a given movement of the control wheel would start the pencil moving 

either vertically upwards or downwards at a given velocity. The control wheel had then 
to be returned to its central position in order to stop the movement. The position of the 
friction wheel on the rotating plate could only be determined by observing the movement 
of the pencil. The mechanism was hidden from the subject and the control wheel had no 


& 
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tendency to centralize itself. Movements of the control wheel were recorded on a modified 
revolution counter. The gears were so arranged that, in both direct and velocity control 
positions, rotating the control wheel to the right moved the pencil upwards and to the 


. left, downwards. 


The subject's task was, whether given direct or velocity control, so to opera 
control wheel that the pencil point remained on the black no on the moving M 
meant keeping the pencil stationary when following the straight lines, and moving it up 
and down at different speeds to follow the oscillating line. In effect, the subject appeared 
to be steering the pencil along a track which was sometimes straight and sometimes very 
winding. The slopes of the oscillations of the track varied so that at times a slow, gentle 
movement was required to follow, while at others the pencil had to be moved as rapidly 
as the apparatus would allow. The pencil point drew the actual track made on the paper, 
thus allowing the accuracy of tracking to be secured. 

The subject was seated comfortably at a table 8 feet away from the track he was to 
follow. The track was illuminated by an ordinary ceiling mounting of a 6o-watt fluorescent 
tube. This lighting proved adequate, the 4-inch black line on white paper being perfectly 
clearly visible, without any glare being experienced. The control wheel was mounted 
on the table, central to his body, and in a parallel plane, and at a convenient height. The 
ae had an uninterrupted view of the track to be followed over the top of the control 

It has been mentioned above that it appeared desirable that the subjects should be 
unaware of the fact that their blink rate was being investigated. This precluded any 
measurement of blink rate by electromyographic techniques. It was accordingly decided 
to use observers to record the subjects’ blinks. An observer was therefore stationed behind 
the screen and slightly to one side of the window, in such a position that he could see the 
subject clearly while not himself being obtrusive. All experimental instructions to the 
subject were given from this position, and the subjects appeared to accept the view that 
this was a convenient position from which to observe the experiment, from which to change 
the kymograph tracks and generally to control the experiment. All switches were mounted 
in this position, out of sight of the subject, and included a key whicn was depressed each 
time the subject blinked. Subjects appeared to accept the experimenter in such a position 
without suspecting his real function there. The experimenter, then, depressed a key 
each time the subject blinked. This activated an electro-magnetic pen which recorded 
on the paper on which the stimulus track was drawn behind the screen and out of the 
subject’s sight. This pen was mounted immediately above the moving pencil, so that the 
approximate time of the blink relative to the particular part of the track being followed 
could be ascertained. The key and pen were damped with rubber buffers to reduce noise. 
Residual noise was effectively hidden by the noise of the electric motor. 

This method of recording blinks has two main disadvantages. The first of these js that 

of his subject’s blinks, and the second is 


the observer himself blinks and so may miss some 
completely accurately, because of the observer's, 


that it is impossible to time the blinks 
nt was carried out to find out whether the error 


reaction time. A preliminary experime 
introduced by the observer himself blinking was likely to be significant for the results 
obtained. To do this, subjects were given a task identicalwith that of the main experiment. 


Blinks were recorded by three different observers, additional to the experimenter, all 
stationed behind the screen, Four subjects were used, the blinks of each being recorded 
cach minute for 30 minutes. It was found that the variation between observers was very 
small, showing a mean variation of + 2 per cent. from the total number recorded by the 
No signicant differences in the distribution of blinks in time were obtained 
from the records of the four observers. It was concluded, therefore, that though the total 
number of blinks recorded could not be regarded as completely accurate, no significant bias 


was introduced into the research by such a recording procedure. „During the experiment 
proper, two observers were used. The first gave the experimental instructions, started the 
apparatus and recorded blink rate during the experiment. The second recorded, at the 
end of each minute, the reading of the revolution counter attached, by means of fishing 
line, to the control wheel. To give d “base-line of blink rate when no visual task was 
being carried out, the second observer recorded the blink-rate, uting à hand counter, each 
minute during the period inwhich the subject was listening to the experimental instructions, 
but before any practice period started. i 

The subject, when seated at the control table, was told that the experiment was 
designed to throw light on the relative efficiency of direct and velocity control mechanisms 
in tracking, a problem which has been the subject of considerable research, All the 


experimenter. 
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subjects, who were undergraduates, both men and women and all aged between 19-25, 
and none of whom had acted as subject in an experiment previously, accepted this without 
question. It was quite clear, both from their behaviour, and from questioning when the 
experiment was completed, that none of them ever suspected that their blink rate was 
being investigated, or had any doubts of the authenticity of the reason given them. 

When the subject was seated at the table, he was given the experimental instructions, 
which included the alleged reasons for the experiment, as outlined above, and the state- 
ment that he was required to steer the pencil along the moving track by operating the 
control wheel. It was explained to him that the control wheel would be varied so that on 
some trials he would have direct control of the movements of the pencil while at others 
he would be able to control the direction and velocity of its movements. During this 
period, the second observer recorded minute by minute each blink on a hand recorder. 
The kymograph was then switched on to demonstrate the kind of track which would have 
to be followed, and the speed at which it moved. With the track then stationary, the 
subject was familiarized with the movements of the pencil relative to his movements of the 
control wheel. Using, first, the direct control, the subject was asked to move the pencil 
up and down at varying speeds across the face of the track until he reported that he 
understood the mechanism and felt he could control the pencil movements adequately. 
The apparatus was then changed to velocity control, and the same procedure followed. 
When the subject appeared confident that he was familiar, both with the stimulus he was 
required to follow, and with the movements necessary to steer the pencil, the experiment 
proper began. x 

A new, but identical, track was placed on the kymograph and the pencil centralized as 
the drum was rotated to the starting position, so that the subject started each trial with 
the pencil on the track. One complete revolution of the drum completed each trial. This 
took exactly eight minutes. The track, during these eight minutes, was designed so that 
straight and oscillating portions followed one another as under: 


1st minute s .. .. Straight 
.2nd minute ays m .. oscillating 
3rd and 4th minutes — .. -. straight 
5th and 6th minutes... .. oscillating 
7th minute ss T .. Straight 
_ 8th minute m .. .. oscillating 


Blinks were recorded continuously throughout each eight-minute trial. ` 


Four trials were given in all at each experimental period, two with direct control, and 
two with velocity control. The 1st and 4th trials were given using direct control, and the 
2nd and 3rd with velocity control. The tracing made by the pencil was too faint to be 
visibl- to the subject, though it was quite legible for scoring purposes. It was found that 
scoring became difficult if more than two tracings were made on one track. A clean track 
ws therefore mounted on the kymograph between the 2nd and 3rd trials. This meant 
that a pause of a few minutes duration was interposed between each trial; between the 
1st and 2nd while the apparatus was being changed from direct to velocity control, between 
the 2pd and 3rd while the track was changed, and between the 3rd and 4th while changing 
back to direct control. The amount of movement of the control wheel was recorded on a 
modified revolution counter, and was noted each minute throughout each trial. 

The accuracy of tracking was computed by measuring with a planimeter, the area 
between the edge of the true track and the pencil tracing. This gave an error score, 
representing an integration of the amount and length of time of displacement from the 
true track, with all errors taken as positive. 

The number and distribution of blinks, the amount of movement of the control wheel 
per minute, and the tracking errors were recorded for each subject for: 


8 minutes following a straight track using direct control 

8 minutes following a straight track using velocity control 

8 minutes following an oscillating track using direct control 

8 minutes following an oscillating track using a velocity control 
and as a “base-line” the number of blinks per minute before any visual-motor task was 
attempted, 

The experiment thus gave varying degrees of complexity in the visual stimulus, and 

varying degrees of complexity in the required motor responses. 


9j 
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II 


RESULTS 


(a) Relative dificulty of the different conditions. 


It is clear that the four conditions of this experiment represent different com- 
plexities of task in responding to a visual stimulus. Following a straight line using 
direct control was extremely simple; nothing, in fact, needed to be done except to 
steer the pencil on to the track initially and leave it alone. Following a straight line 
using a velocity control proved more difficult, since this entailed steering the pencil 
to the track and finding the one position of the friction wheel on the rotating disc at 
which the pencil would remain stationary. Slight misplacements to one side or the 
other resulted in a steady drift of the pencil away from the track. Consequently, 
although the visual stimulus was still simple, a more complex response was needed to 
perform the task accurately. The oscillating track provided a task when direct control 
was used, which placed a premium on rapid and accurate responses. The relationship 
between stimulus and response was regarded by the subjects as simple. The difficulty 
of this section is due to the fact that the control wheel had to be turned very rapidly, 
and with frequent changes of rate and direction to keep the pencil on the track. It 
is what might be called the “pressure” of the response which causes difficulty here. 

Steering the pencil along an oscillating track using a velocity control proved to be 
very difficult. Fewer, and in general, slower responses were required than when 
using direct control, though quite rapid movements were necessary to follow major 
changes of direction of the track. The difficulty here lay not so much in the rate of 
response as in its complexity. The response required to follow the track moving 
upwards, for example, at 60^ to the horizontal using a direct control was a rapid and 
continuous rotation of the control wheel to the right. The difficulty lay in moving 
the wheel sufficiently quickly and at a constant rate. To follow the same track using 
a velocity control demanded that the control wheel should be moved to the right to a 
particular position. This position could only be determined by watching the move- 
ment of the pencil relative to the track and adjusting the control wheel accordingly. 
As the track frequently changed its direction, very little time was available (ou such 
adjustments. There is some evidence that subjects found this so difficult that they 
were satisfied with only approximate accuracy. If the pencil was moving in the right, 
direction, and at approximately the correct rate, they tended to leave it alone even 
though it might be running parallel to and not on the track. M sii not found when 
direct control was used. It appears probable, therefore, that the niin ae 
made when using velocity control and direct control are not strict! Y A : as 
measures of the difficulty ofthetask. In reporting the results in more detail, therefore, 


these two will be kept separate. ; uen 
: f all subjects for eac e e is i 

amm vo a tat de distribution of errors is broadly similar whether direct or 

ees a greater number of errors being made using a 


velocity control is used, but with llating track gives a greater 


; : following an osci 
p ee diano ^ iie i him = with both types of control. No measurable 


error score than following a stralg : ; 
^ i i raight track using à direct control. 
“Table jr e nn E Mean Control Wheel Mavements I a a 
in each successive minute. The units in which the amount of mea n p pe T 
the number of feet of movement of the circumference of the contro aod e Pe 
control wheel could only be manipulated by grasping its — - 
represents the distance through which the subject’s hands were 3 p 


sive minute is shown in Table I. It 
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of Tables I and II reveals a similar pattern of score distribution for errors and move- 
ments. Less movement is required, however, to follow an oscillating track using 
velocity control, though more errors are made. 


TABLE I 
MEAN ERROR PER MINUTE 


SQUARE INCHES DEVIATION FROM TRACK 
—Ó——— 


Direct control Velocity control 
Minute — i 
Straight track | Oscillating track || Straight track | Oscillating track 

I 0:00 0-90 

2 2:00 3200 . 
3 0-00 o-8o 

4 0:00 0-62 

5 1:22 2:80 

6 0:95 2:32 

7 0:00 0:92 

8 1:20 3:00 


TABLE II 
MEAN CONTROL WHEEL MOVEMENTS 
FEET OF MOVEMENT PER MINUTE 


Direct control Velocity control 
Miwute 
Straight track | Oscillating track || Straight track | Oscillating track 

1 1:60 10:50 

2 36:54 32:50 

3 1:00 722 

FT 0:52 3:00 

5 34:22 32:00 
í 6 26-00 23:60 

7 075 5:52 

8 44:00 38:00 


(b) Variations in reflex blink rate. 


The subjects used in this experiment showed a considerable variation in blink rate 
during the pre-experimental period, though the figures are slightly lower than would 
be expected from Lawson's figures. The mean blink rate under these conditions was 
140 per minute, with a range of from 3-0 per minute to 28-0 per minute. The individual 
readings are given in column 1, Table III. From this it will be seen that considerable 
individual differences in blink rate exist even in so small a sample of subjects. 

The crucial part of this experiment is the variation in blink rate under the different 
conditions used, which can be interpreted as differing from one another in the “loading ” 
of both stimulus and response. Table III shows the blink rate per minute for each 
subject under the different conditions. The frequencies given for the four experi- 
mental conditions represent the average frequency per minute for each individual for 
the eight minutes spent under each condition. 


GE 


TABLE III 
BLINK RATE UNDER DIFFERENT CONDITIONS 


PENNE E CMM HL E Ei i 
| 


VARIATIONS IN REFLEX BLINK-RATE DURING VISUAL-MOTOR TASKS 


. Direct control Velocity control 
Subject | “Resting” 
Straight Oscillating Straight Oscillating 
I 28 240 15:0 19:0 19:3 
2 24 19:5 6:6 16:7 9-0 
3 2 8:2 r9 2:7 I'I 
4 18 8:5 1:5 6:6 2:0 
5 I7 I2:I II 12:0 r9 
6 II 8-0 2 79 10:2 
T rd . 10 8-2 o6 6:0 r9 
- 8 10 10-I o5 41 15 
9- 6 s5 o5 30 o5 
IO .. 5 10:9 31 11-3 59 
II 4 T2 2-1 59 45 
Z2 as 3 56 r6 31 r2 
| It will be observed that there is a considerable and consistent reduction in blink 


rate for each individual when following an oscillating, or re 
‘ stimulus compared with the rate when following a straight, o 


: stimulus, using a direct control. Using the formula 


' 
Ody = Vom, F Om — 2*2 9:0: 


(Guildford, 1942) this difference is significant at the I per cent. level, ¢ being 5:39. A 
similar reduction in blink rate is seen between 
track using a velocity control. In this case, however, the 
and is not as consistent. In one case (subject No. 1) 
ditions is the same, W. 
stimulus. The overall difference in blink r 
velocity control is statistically significant at the 5 per cent. level, 
furthermore, that the 


these cases. It will be seen, i 
a velocity control compared wi 


«following a straight line using 
' — game stimulus using a direct control. 
f -the two tracks is slightly higher wl 

that when using a direct control. 
j conditions is shown graphically in Figure 2, W 


ien a velocity control is 
The variation in blink 


latively complex, visual 
r reasonably simple, 


following a straight and an oscillating 
difference is a smaller one, 
blink rate under these two con- 
hile subject No. 6 shows an increase when following an oscillating 
ate under these two conditions using a 
t = 2:42, in spite of 
re is a reduction in blink rate when 
th that following the 
On the other hand, the blink rate when following - 
used, as compared with 
rate with the-different 


here the mean blinks per minute for all 


subjects is plotted for each condition. . . 
i ation in mean blink rate for 


Figure 34 shows the successive minute by minute vari 


all subjects using direct control, and Figure 3B usi 
| observed that, using both methods of control, there isa regu n 
with the difficulty of the task, a relatively hig 


followed and a relatively 
1, the differences 
he same direction. 


í straight track is being 
' track. When using à velocity contro l 
using a direct control, but are consistent and in t 

ü 

(c) Relation between blink rate and movement and error scores. 


P H : 
Comparison of Tables I and II and Figure 3 indicate 
he variations in b 


varies in a way which is inversely related to t : 
Scores. To simplify the comparison, all three variables have 


ing velocity control. It will be 
i lar variation in blink rate 
h mean blink rate occurring when a 
low one when following an oscillating 
are less marked than when 


that the mean blink rate 
oth error and movement 
been plotted in Figures 
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4A and B, A showing the relationship when direct control is used and 5 using velocity 
control. „To reduce the variables to the same range, all individual scores have been 
standardised by dividing each individual's score per minute by his average score 
throughout the trial. Scores when direct and velocity controls were used have been 
kept separate as stated above. Hence, the standard blink score for subject one in 


STRAIGHT 


OSCILLATORY 
TRACK TRACK 


AVERAGE BLINK RATE 


RESTING DIRECT VELOCITY VELOCITY DIRECT 


FIGURE 2 


AVERAGE BLINKS PER MINUTE UNDER DIFFERENT CONDITIONS 


minute one using direct control is obtained by dividing his actual blink rate during 
that minute by his average blink rate for all minutes using direct control, and similarly 
for all subsequent minutes. The score therefore represents the ratio of his actual 
score on any given minute to his average score for a given type of control. A score of 
1-00, therefore, indicates an actual score which is identical with the average, a score 
smaller than 1-00 indicates an actual score smaller than average, and greater than 
1:00 an actual score larger than average. 

It will be observed that there is a consistent and inverse relationship between 
blink rate and both movement and error scores. An increase in either error or move- 
ment scores is accompanied by a decrease in blink rate and vice versa. This inverse 
variation is true of all individual subjects, with the exception of subject six when 
using a velocity contrcl, the inversion of whose blink rate with this type of control 
has already been noted. 

It is not possible from this experiment to define the precise relationship between 
blink rate and error or movement scores. It is only possible to say that the relation- 
ship is an inverse one. The experiment, as designed, gave periods of little or no 


T 
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response from the subject during which there was a high blink rate, and periods of 
relatively intense activity, during which there was a very reduced blink rate. The 
points obtained, therefore, define the two extremes of a curve representing the relation- 
ship between these variables. A more graded series of situations, giving graded error 
and response scores, is needed to enable the intervening points to be plotted. 

It is also impossible to decide whether error scores, representing the difficulty of 


the task, or the movement scores, representing the response load, is the more important 


variable in determining blink rate. Those situations in this experiment which pre- 


disposed to large error scores also demanded large movements. As will be seen from 


Figure 4, the scores vary in the two conditions in a Very similar manner. 


| A DIRECT CONTROL B VELOCITY CONTROL 


BLINKS 


AVERAGE 


Minutes 


Minutes 
FIGURE 3 

DISTRIBUTION OF BLINKS PER MINUTE 

It will be observed from Tables I a 


reduction in error and movement scores duri: : 
type of stimulus. This reduction in errors and movements has its counterpart in an 


increase during successive minutes in blinking. It seems likely that the reduction in 
errors and movements represents a learning curve. In any case, the increase In blink 
rate on the same task, as the task becomes easier, shown by the comparison of these 
graphs seems additional confirmation of the relationship existing between blink rate 
See the distribution of blinking relative to the part of the track being 

king is also governed by the nature of the 


An analysis of : 

followed suggests that the timing of blin MnS S. is 

task. Such an analysis is shown graphically in Figure 5. A schematic ioe has been 
drawn, representing the straight portions on the one hand and the oscillating portions 
ontheother. The distribution of blinks has been plotted in terms of the total number 
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of blinks for all subjects occurring at respective portions of the track. Trials when 
direct and when velocity control were used have been plotted separately. It will be 
observed that there is a characteristic difference in the type of curve obtained when 
following a straight track from that when following an oscillating track. This is true 
with both types of control. When following the straight track with a direct control 
there is a steady increase in blinking from the beginning to the middle of the period, 
with a progressive decrease as the oscillating track approaches. With a velocity 
control, the picture is similar except that the build-up of the blinks is slower. When 
following an oscillating track, however, blinking tends to be concentrated into two 
main periods, just before and just after a major change of direction of the track. 


3 y= E — : 
A. DIRECT. CONTROL B. VELOCITY CONTROL 


MOVEMENT 
tinet 


ACTUM. SCORE 
TAGE SCORE 


] FIGURE 4 
Comparison OF Brink RATE WITH ERROR AND MOVEMENT SCORES 


These relatively sharp bends in the track are periods of major difficulty and of major 
activity for the subjects. Throughout the periods of steering the pencil round these 
benas, of which there were 46 in each trial, there was no blinking at all. When 
following the more gently sloping parts of the oscillating track blinking took place at 
a low and fairly steady rate. 

Although all subjects show a variation in blink rate with the visual task attempted, 
individual differences in blink rate are maintained. As will be seen Írom Table III, 
subjects with a high “resting” blink rate tend to blink at a higher rate than those 
with a lower "resting" rate, even during those periods when the overall rate of 
blinking is much reduced. Product-moment correlations of "resting" blink rate with 
the blink rate under each of the four experimental conditions range from + 0:68 to 
+ 0:77. These, for this number of subjects, are all significant at the x per cent. level. 

The results reported above demonstrate an inverse relationship between blink rate 
and the difficulty of the task as represented by the number of errors made. As the 
task increases in difficulty, the rate of blinking for each subject decreases. There is 
no evidence in these results, however, to support Lawson's hypothesis that the 
relative blink rates of p^rticular individuals would be reflected in the relative accuracy 
with which they perform a visual-motor task. Correlations of "resting" blink rates 
with the errors made under each condition range from — 0-014 to + 0-012. When the 
blinkratesand error scoresof the varioussubjects are correlated under a given condition 
(i.e. following an oscillating track with a velocity control, etc.), the figures obtained 
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range from 4- 0-064 to + 0-29. None of these figures approach significance for this 
number of subjects. The situation appears to be therefore, that, though individual 

do differ considerably in blink rate, and the relative order of blink frequency tends a 
be maintained in spite of marked changes in actual blink rate, associated with ihe 
task attempted, there is no relationship between relative blink rate and the a d 
with which such a task as this is performed. Mid 
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STRAGHT MART OF TRACK 
FIGURE 5 
DISTRIBUTION OF BLINKS AT DIFFERENT Parts OF RACKS 


IV ; 
B. Can EXPERIMENT o 


As'a theck on the validity of the laboratory results in a field situation, a cine 
camera was fitted to a car in such a position that photographs could be taken of the 
driver’s eyes while the car was in motion. Drivers were then instructed to drive 
along a previously arranged route. This route entailed driving at first in, open 
country, then through a town where very heavy traffic conditions normally exist, and: 
finally into open country once more. Films of the driver's eyes were taken during the 
three parts of the route. 


TABLE IV 


Average blinks per minute 


cin Driving in open country 


Driving in heavy traffic 
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The results obtained are highly sig jects ha 
available for only four subjects. Records for à. s to produce periods when 
since head movements for these subjects pode mann and consequent gaps in 
their eyes were not visible on the film. As hea vy traffic, so that gaps Were not 


the records were much greater W 
2 
e s 
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randomly distributed, these subjects had to be discarded. Results obtained with the 
four remaining subjects are tabulated in Table IV. 


It will be seen that these results strikingly confirm the results of the laboratory 
experiment. Blinking is reduced as the stimulus pressure and the difficulty of the 
task increases. 


V 
Discussion 


The results of this experiment confirm the wide range of individual differences in 
blink rate noted by previous investigators, and suggest that these relative differences 
tend to be maintained through changes of conditions which produce major alterations 
in the actual blink rate. The relative order of frequency of blinking in different 
individuals tends to be maintained in spite of marked changes in the actual frequency. 
The evidence strongly suggests, however, that there is no relationship between the 
frequency of blinking, either duringa " resting " phase, or during the actual performance 
of an activity, and the efficiency with which the individual is able to perform à 
visual-motor task such as that used. 

On the other hand, it appears quite clear that when the activity is such that 
efficient performance depends upon efficient vision, interference from blinking is 
reduced to a minimum. This seems to be effected in two ways. The frequency of 
blinking seems to be adjusted to the demands made by the visual stimulus. Blinking 
is at a maximum when the visual stimulus does not demand a response, either by 
itself remaining constant, as in following a straight line with a direct control, or when 
the changes are such as to have no response significance, as in the "resting" phase 
of this experiment. The blink rate is then progressively reduced as the stimulus 
“load,” and the difáculty of making an adequate response, increase. It is, unfort- 
unately, impossible, from these results, to decide whether it is the difficulty caused 
by the complexity of the response, or by the speed at which responses must be made, 
or both, which control the blink rate, since, in these experiments both varied together. 
It seems unlikely, however, that the rate of change in the visual stimulus alone is the 
critical variable, since different blink rates resulted from using direct and velocity 
control mechanisms with identically changing visual stimuli. This critical variable 
is clearly to be found in the relationship between the stimulus and the response it 
demands. 

Tne second mode of adjustment seems to be in the distribution of blinking. Ina 
non-visual situation, such as the "resting" phase of this experiment, and in a visual 
task making a more or less constant demand, blinks appear to be relatively evenly 
distributed in time. Ponder & Kennedy and Duke-Elder & Lawson all comment on 
the relative constancy of the inter-blink period in their observations. When the 
stimulus-response relationship is a constantly changing one, however, as in the 
“oscillating track" portion of this experiment, the distribution of blinks changes. 
Under these conditions, the blinking which does take place, appears to be concen- 
trated around but not during the periods of maximum difficulty, occurring just before 
and just after these most demanding parts of the task. While the exact timing of 
blinking is not possible in this experiment owing to the intervening reaction-time of 
the observer, it appears that there is some anticipatory function in the distribution of 
blinking. Blinking takes place at those periods when the least foreseeable inter- 
ference will occur in following the visual stimulus. Hall's observations, that, when 
reading aloud, blinking is concentrated at punctuation marks, and especially at the 
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breaks when turning pages, appears to support such a view. Evidence derived from 
the car experiment, though no more than suggestive because of the few cases involved, 
suggests that when the stimulus " pressure" is heavy, blinks which do occur, take 
place during head movements, which presumably reduces the angular velocity of 
visual stimuli. This is in line with the observations made by Mowrer (1933). It 
appears possible, from these results, too, that under such conditions the duration of 
the blink is reduced. 

The fact that the blink rate is so sensitive to the task attempted, changing markedly 
from minute to minute with the task “ pressure,” may be responsible for some of the 
discrepancies in previous results. With the commonly used techniques of 5 minute 
sampling of blink rates at various stages of the experiment, great care would have to 
be exercised to control the demands made by the task if such sampling periods are to 
becomparable. There appears, however to be no reason to suppose that the efficiency 
with which a visual-motor task is performed, is in any way connected with individual 


blink-rates. 


The writer wishes to express his thanks to Mr. B. Waldron and Miss E. Evans of the 
Department of Psychology, University of Bristol for their help in the laboratory experi- 
ment, and to Mr. R. Moore and his staff in the Road Research Laboratory for obtaining 


the cine records in the car experiment. 
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MISCELLANEA 


DIFFERENCE LIMINA FOR QUALITY OF PURE TONES: 
AN EXPLORATORY STUDY 


BY 
P. DENES and F. A. CARTIER 
(From the Department of Phonetics, University College, London.) 


It is recognized almost universally that the physical properties of sound waves, their 


frequency, intensity, duration and overtone structure, have a certain correlation with the 


perceived characteristics of sounds, pitch, loudness, length, and quality respectively. But 
interconnected. Few researchers 


these correlations are far from perfect and are intricately 

still think of pitch simply as the perception of the frequency of a tone, or of loudness 
simply as the perception of intensity. Certainly the sensation of pitch is largely deter- 
mined by the frequency of a sound, but a change of intensity can change the perceived 
pitch of a tone; the loudness of a tone can be altered without varying its physically 
measurable intensity. Similarly, we know that quality, once thought of simply as percep- 
tion of harmonic complexity or overtone structure, is dependent as well on intensity, 
frequency (Fletcher, 1935) and phase (Chapin, 1934)- 

It is by their differences of quality that we distinguish between, for example, a clarinet 
and a trumpet when both are sounding notes of the same pitch and loudness. And it is tov 
their obvious differences in acoustic spectra that we ascribe this quality difference. But it 
has long been observed that pure tones have easily discernible quality differences, par- 
ticularly when the difference between their frequencies is great, ard, subjectively, these 
quality differences seem much like those by which we are enabled to distinguish between 
one musical instrument and another. It is clear then that that aspect of sounds termed 

quality ” involves more than overtone structure, and is a discernible aspect of sounds 
with no overtone structure at all. 

Some writers have dealt with this difficulty by reserving the term “quality ” for the 
perception of overtone structure, and have said that pure tones have different " timbres " 
(e.g. Fletcher, loc. cit.). Others have attempted to break down even this concept of timbre 


into various other discernible aspects and claim that timbre is, at least in part, a combined 
perception of the “volume,” “density,” and “brightness” characteristics of tones. There 
seems to be some evidence to justify such a breakdown, but the experimental investigatiun 


have given conflicting results (Stevens & Davis, 1938). 
bre of pure tones may be the 


It has variously been suggested that the quality or tim 1 
result of subjective harmonics, or that the mind may "supply " quality out of memory of 
everyday sounds. The former suggestion is amplified by the idea that low-pitehed sounds 
seems fuller and richer because many subjective harmonics of low tones would be in the 
high to be audible. 


auditory range, while those for high pitches would be too 

Hoping to clarify the situation somewhat, the experimenter (F. C.) spent, the early 
weeks of the study simply listening to pure tones, comparing them, and making purely 
subjective observations which were recor ed without regard for logic or theory. Attempts 
were made to describe and subjectively appraise even the most elusive and vague impres- 
sions. Except where noted, all observations 1 loudness—always at 
40 phons. 

It was immediately obvious that it was not only possible to obse y di 
between pure tones, but also to describe these differences in words. The descriptions were 
always metaphorical and never altogether satisfactory, savouring more of poetry than 
science, but appeared to be fairly stable; i.e. they seemed equally apteven after considerable 


practice in listening and after long rest periods over the course of a few months. 


were made at equa 


rve quality differences 


Some typical subjective descriptions follow :— 
2,000 c.p.s. sounds “sharp and hard" whe 
comífortable'' 125 c.p.s. 


n compared with the “soft, blunt, more 


‘ 
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500 c.p.s. sounds “purer, clearer, more bell-like" than 125 c.p.s. 
250 c.p.s. sounds "somewhat narrower, thinner and not so fuzzy” as 125 C.p.s. 


62 c.p.s. sounds “more rumbly” than 125 c.p.s. Itseems possible to become aware 
of the vibrations per second of a 62 c.p.s. tone. There is much in common, however, 
between the qualities of 62 and 125 c.p.s. 


1,500 c.p.s. has a more '' reedy " sound than 1,000 C.p.s. 1,000 C.p.S. does not give any 
impression of ''reedy-ness." 

125 C.p.s. does not seem to have any “‘bell-like’’ quality. When compared with 
225 c.p.s., the latter has a distinct "ringing, bell-like quality" which differentiates it 
sharply. 

The quality of 31 c.p.s. is rather unusual. But the intensity must be very high if it 
is to be compared at equal loudness with, e.g. 40 phons of 5oo c.p.s. This frequency 
was therefore not investigated further. 


It will be noted that some of the verbal "descriptions" are metaphors which might 
fall into the classes of “ density ” and '' volume” as explored by Rich, Stevens and others; 
but other “dimensions” of quality are as readily observable and the range of metaphors 
which seem applicable to quality sensations appears to be almost unlimited. “Sharpness,” 
" fuzzyness," "sourness," “richness” and other metaphors, once suggested, seem to be 
just as real aspects of quality as “ density ” and “volume.” It is relevant that some people 
describe quality differences among sounds with chromatic metaphor, and even ascribe 
certain colours to certain pitches. The experimenter found it impossible to imagine 
colour metaphors for quality or pitch, but found it entirely possible, though difficult at 
first, to imagine taste-oriented metaphors. Once decided upon, the metaphors seemed 
strikingly apt. It may be supposed that careful experiments might yield difference limina 
for such “dimensions” and it may well be suspected that such limina as these would be 
measurements of the validity of the metaphor rather than of the sensation phenomena as 
normally defined. 

When subjectively comparing tones of equal pitch but different frequencies (e.g. 
1,000 C.p.s. at 30 d.b. sensation level has the same pitch for the experimenter as 1,010 C.p.s. 
at 50 d.b. sensation level) there seems to be a definite quality difference (besides the 
loudness difference). This quality difference does not seem to be like the quality difference 
between two tones of equal loudness and different frequency. J 

It is difficult to overestimate the factor of focus of attention on the subjective impres- 
sions received when listening to sounds. The experimenter seemed to be able to disregard 
almost any aspect(s) of a sound and concentrate solely on any other. After much practice 
at this, however, it became difficult to listen to the totality of a sound. There was instead 
constant shifting of attention from one aspect to another. It was found to be particularly 
difficult to listen to the total quality of sounds made up of two pure tones unless they were 
c-*aves or were very close together in the spectrum. It appeared that two simultaneous 
tones could be perceived as separate sounds under certain conditions. Indeed, by con- 
centrating on one of the two tones, the other could be reduced to apparent non-existence. 

Ont of these and other observations, a problem suggested itself for experimental 
investigation. The problem was stated thus: Is it possible to determine frequency 
differential threshholds (difference limina) for the quality of pure tones? 

The equipment for the experiment (which was the same as that used during the pre- 
ceding observations) consisted of two sine-wave generators with maximum harmonic 
content of o:25 per cent. or less, and an electronic switching device which, on pressing @ 
button, automatically presented one tone for two seconds, then a silence of about a 
quarter of a second, and the second tone for two seconds. The sounds were presented 
through headphones. The maximum harmonic content of the acoustic output of the 
phones was o'5 per cent. and was usually much less. There was no audible switching 
click or surge. Separate attenuators permitted adjustments of intensity so that the 
loudness of the two tones could be kept constant at 4o phons regardless of frequency 
differences (Denes & Naunton, 1950). The switching and timing device wasa refinement 
of the device described more fully by the same authors. 

The experimenter was the sole subject. All observations were made monaurally with 
an earphone. 

The method was to set the first tone of the comparing device at a base frequency (e-E- 
125 C.p.s.) with a loudness of 4o phons, and vary the frequency of the second, keeping its 
loudness constant at 40 phons. Thus 125 c.p.s. was compared with 135 c.p.s, then wit 
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500 c.p.s., then with 200 c.p.s., and so on. For each comparison, 
pry oes a b e ae or not a difference E; qiy was ur Ges 
f : cond tone were more or less random i P 
differential threshold became apparent. Then frequencies e A eh = ex 
narrowing the area. It was originally planned to use an equal loudness contour chart dnd 
read off the necessary attenuator settings for keeping the loudness constant at 40 hons 
Such a chart was made before the experiment began. It was discovered, ieee that 
the experimenter's thresholds and even the shape of the equal loudness contour varied 
quite noticeably from day to day. It was therefore found to be more convenient and 
accurate to balance the loudness of a small range of tones to be compared before each 
session rather than rely on even the most carefully made chart. 
; The following figures are presented only as an indication of the type of finding looked 
or in this preliminary work and as some proof of the plausibility of such research. Figures 
are averages of several trials, but represent both casual as well as careful observations. 


PCR M 


Absolute D.L. in c.p.s. Relative D.L. in per cent. 
frequency increase 


Base frequency frequency increase 
125 Between 40 and 100 Between 31 and 80 
500 150 280 30 56 
1,000 200 350 20 35 
3,000 400 1,000 13 33 
4,000 600 1,000 15 25 


be read, e.g. '' Comparing with 125¢.p.s., frequencies 
ce in quality, but frequencies above 
ly different in qvality. Observations 


The second column of the table may 
up to 125 + 40 = 165 C.p.S. showed no differen: 
125 + 100 = 225 C.p.S. Were observed to be distinct 


between 165 and 225 cC.p.S. were inconsistent.” 


SuMMARY AND CONCLUSION 


A single subject listening monaurally and at constant loudness of 40 phons, compared 
pure tones %f different frequencies for differences in quality. Subjective observations 
indicated that pure tones of different pitches are also characterized by differences in 


quality which seem to be much the same sort as those by which we are enabled to dis- 


tinguish between the sounds of different orchestral instruments. 
It was then attempted to determine the minimum frequency-changes which would ^^ 


accompanied by changes in quality, i.e. to determine the frequency differential thresholds 
for the quality of pure tones. Tt was found possible to determine such thresholds, anc 


rough preliminary figures were obtained. 
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A CASE OF ABSOLUTE PITCH 


BY 
A. CARPENTER 
(Medical Research Council, Applied Psychology Research Unil, Cambridge) 


People who claim to be able to place the pitch of any given musical note, without 
reference to some external standard but purely ‘by ear," seem to be regarded by many 
non-musicians as either misguided or dishonest. Yet musicians are quite familiar with 
the phenomenon, and recognize that a very reliable and accurate ''sense" of this nature 
occurs in a small minority of their number, who are described as having “absolute pitch." 
This ability is certainly rare, however, and having recently had the opportunity to examine 
à man who claimed to possess it, and found his claims to be largely justified, I considered 
the results of my brief examination to be of sufficient interest to publish. 

The subject was a research student in zoology and a keen amateur pianist and singér. 
He comes of a musical family and has been in contact with practical music all his life. 
The question arose because his research had included frequency measurement, and he 
had used his unusual ability to name the note he heard, and had then converted the 
musical labels into frequencies by reference to tables. I was asked, as it were, to “ calibrate 
the apparatus” which he had used; and this I did as follows:— 


Twenty-eight forks were collected, covering a range of 65 to 1,300 C.p.S., which, 
coming from various sources, did not form a coherent series, but were scattered irregularly, 
yet without major gaps, over therange. The subject, provided with pencil and paper, and 
his conversion tables, sat at a desk. Behind him the forks were arranged on a table from 
which the experimenter picked them at random, and sounded them by striking with a 
rubber mallet. In almost every case one blow was sufficient for the subject immediately 
to speak, and to write, the name of the note. Each fork was presented twice, separated by 
a variable number of others. In addition, the note from an electrical oscillator was sounded 
on two occasions, but in this case the frequency was increased from 602 te 668 c.p.s. 
between the two presentations. The second note was judged distinctly sharp of the first, 
but the difference could not be estimated quantitatively, and the two were recorded as the 
same note. There were thus 58 presentations, which occupied about half an hour. The 
subiect claimed that there was no interference between each note and those which had 
preceded it, and his claim is supported by the finding that there was neither increase nor 
decrease in error as the series progressed. The forks and oscillator were calibrated after 
the subject had been tested, by reference to a crystal-controlled oscillator of undoubted 


accuracy, using an oscilloscope. 


The results in summary are as follows: 

(a) The mean error of the whole series, expressed in each case as a fraction of the 
known fork frequency, was 0:025. Since a tempered semitone has a frequency 
ratio of 1:0595, the mean error was less than half a semitone. 


(b) Taking into account the sign of each error, the mean was plus 0-015, i.e. an average 


over-estimate of 1:5 per cent. 
(c) On the average there was no difference between pairs of presentations of the forks 


(means: 0-026 and 0:025). 
(d) The subject did not always agree with himself, however, about the same fork; the 
average difference between the pairs of estimates being 0:018. 


(e) The electrical oscillator, adjustable over the very small range of 602-608 c.p.s., 

was used with the hope of exploring the least nameable difference in pitch, at that 
s has been said, this difference was immediately recognized, but 
could not be quantitatively estimated. The least namable difference appeared to 
be of the order of à quarter of à semitone. There were two pairs of forks (1) of 


255 and 260 C.p.S. and (2) of 998 and 1,000 c.p.s., which were estimated as the 


frequency. A’ 
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` same note on all four occasions in each case (1) 262 c.p.s. (cy) and (2) 988 (bs). 
When the forks of the second pair were presented in immediate succession, how- 
f beats arising, that of higher frequency was 


f the other, the difference being 0-2 per cent. 


(f) This brief experimen 
but as far as it went, there was no indica 
frequency. The error was approximate 
occurring at 425 c.p.s., and adjacen 

(g) Finally, very rough tests with a beat 
ability extended in frequency to about 4-6,000 C.p.5- 
could be recognized up to about 10 ke.p.s- 


frequency oscillator indicated that this 


Of particular interest was the way in which the subject gave his estimates. Whereas 


the name of each note, e.g. “G sharp," was given at once, the octave came after a very 
brief interval, and the frequency was then obtained from the tables. Such doubt or 
e place in the octave, but rather 


hesitation as occurred was never about the name or thi 
about in which octave the note occurred. ve errors were made. Bachem 
(1937; 1948) divides the perception of pitch, in such subjects 
(a) the " chroma "—i.e. the place of a note in the octave—as immediately ] x 
consciousness as is, for example, the colour * red "—and (b) the "' tone-height," an approxi- 
mate but quite independent impression, which gives the octave. The present rather 
scanty results are in agreement with this hypothesis—incomprehensible t 
one, such as myself, who Jacks the ability of “absolute pitch.” . 

In summary, notes between 60 and 1,200 C.p.S. W' i ed with a mean 
error of less than half a semitone, the frequencies being given with a mean error of 2:5 per 
cent. Frequency differences of less than this magnitude could be recognized, but not 


estimated. 
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A SIMPLE STIMULUS GENERATOR 


BY 
W. E. HICK 


(From the Medical Research Council Applied Psychology Research Unit, Cambridge) 


as stimuli, 


Ir is often useful to be able to present a prepared sequence of events, such a hee 
nd ha 


automatically. The device described is easy and cheap to make, simple to use, & 
proved very reliable. 


À oq 3 


^ 
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The stimuli are represented by holes punched in 35 mm. film or recording paper. 
Almost any other film 'or tape with driving perforations could be used, but this is a con- 
venient size, and provides a use for old stock. Claws on the armature of an electro- 
magnet move the film on one perforation at a time, and contacts are “made” through 
the punched holes. The diagram indicates the general features, but the following practical 
points are worth noting. ` , 

The electro-magnet is of a type obtainable at present very cheaply from dealers in 
surplus equipment. But any transformer or choke of similar size could easily be adapted 
by cutting the stampings and, if necessary, rewinding. A power of about 5 watts is 
required for reliable action, and the coil may have to be rewound to suit the supply 
voltage. D.C. is preferable, but A.C. may, of course, be used if the rather loud hum is not 
objectionable. 

The upper contacts are strips of copper foil 
the contacting ends. The lower contacts, in the present model, are blobs of solder on 
strips of copper foil fixed with cellulose cement on an insulating layer on the top of the 
armature. The important point here is that the contact is a sliding one, which not only 
eliminates the necessity for non-oxidizable contact materials, but also prevents failure 
due to dirt between the contacts. Itcan be arranged that contact is made either when the 
magnet is energized or when it is not. 3 

The claws must be shaped with some care, to ensure smooth engagement and dis- 
engagement. Since they slide under the film on the return journey, they should not 
project upwards more than necessary. A fixed spring claw (only one is required) prevents 
the film slipping back. ) oe 

No spool is necessary for the film. The roll is simply slipped on to a rod projecting 
from an upright member. The sudden drag of the claws is taken up by a spring tensioner, 
and the apparatus works well with as much as 100 ft. of film. As there are about 65 
perforations per foot, no such length is ever likely to be needed. For practical lengths, 
of the order of ro ft., the tensioner could be omitted. For such lengths, also, it is far more 
convenient to let the film run on to the floor than to provide a take-up spool. T 

The punch for preparing the film happens to be separate from the present mo 5 s 
but could with advantage be incorporated in the device. The punch and die should e 
hardened and tempered, and the punch should have the usual cylindrical concavity in the 
en "The diameter of the holes is $ in., which allows six to be placed across the width of 

he film. e 

Finally, concerning the use of the apparatus, six contacts enables six circuits to be 
made or broken independently, and therefore six different stimuli may be given in any 
desired sequence, without further complication. On the other hand, by making use of 
combinations of holes, instead of only one hole at a time, a sequence containing up to 
63 alternatives may be constructed (omitting the case of “no hole"). Although this ne 
larger number than will commonly be needed, it sometimes is convenient to employ *he 
same principle for smaller numbers; ¢-8. UP to three holes will give seven alternatives, 
and they can be directly recorded in the same code by three pens. But if it is Karen. ti 
to transform this coded information into a selection of one out of 7 separate cironi E 
is the number of alternatives—a decoding mechanism must be added. The principle 
a simple type, using relays, is shown in the lower part of the diagram. 3 


, 0:004 in. thick, with dimples punched in 
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BOOK REVIEW 


The Mathematical Theory of Communication. By CLAUDE SHANNON and WARREN WEAVER. 
University of Illinois Press, 1949. Pp. 117. 
Although this is not a psychological work, the current interest among psychologists 
and other biologists in Information Theory justifies some reference to it here. The pub- 
lishers describe the book as “largely intended for social scientists who are concerned with 
... the broad communications problem, and for students of language," but this is 
stretching a point, doubtless in the hope of appealing to the wider market uncovered by 
Wiener's Cybernetics. In fact, however, Dr. Shannon, whose contribution is by far the 
larger, contents himself with a concise and austere statement of the mathematics of 
communication, as previously published by him in the Bell System Technical Ji ournal. The 
theory, as he presents it, is therefore conditioned by the engineering problems, to which, 
as he says, the semantic aspects of communications are irrelevant. Thus, he represents 
the total system schematically as consisting of an information source, à transmitter, & 
channel, a noise source, a receiver and a destination. The source generates messages which 
are coded by the transmitter into signals and despatched along the channel. On their way, 
they are subject to more or less alteration by ‘‘noise’’—i.e. by unwanted information 
characterized only by its statistical structure. Indeed, all the information is Te; 
statistically. The important entity is not the particular message, but the ensemble 0 
messages. The information content of an ensemble, whether of useful or of “noise” 


messages, is an entropy, viz:— 
H = — Dp. log. p 


of the individual messages. Working in terms of 
for example, the necessary conditions for the complete 
reconstruction of the noise-contaminated message can be neatly exhibited. 

The engineering bias is obvious from the foregoing remarks. It must be emphasized, 
however, that Dr. Shannon is dealing with the philosophy of the process; nowhere does he 
refer to specific '' hardware." Indeed, his most concrete examples are concerned with 
language. For instance, he shows that the redundancy of English permits an almost 
grammatical sentence to be constructed purely from the statistical nature of the language; 
and that the redundancy is just small enough for large crossword puzzles to be possible, 
but not for three-dimensional crossword puzzles. These, of course, are merely illustrative 
asides. The real meat is in the mathematical concepts and technique, which range from 
the easy to the difficult, providing something for everybody. Much of the difficult matter 

.ce»]d have been made relatively easy by fuller explanation, however. . 
It is a pity also that no mention is made of the theory of structural and metrical 
- information developed by Gabor and MacKay, or of Fisher's statistical information. 
these are logically related, but the general scientific reader still awaits a comprehen: 
treatise on the fundamental notion of information. ; 
“Dr. Weaver's contribution is to explain, in plain English, what Dr. Shannon is talking 
about, and to suggest broader interpretations; both of which tasks he discharges admirably- 


In particular, he makes it clear that the exclusion of the semantic aspect is a result of the 
engineering application rather than an inherent deficiency in the theory. Informatio” 
ut it 50» 


without meaning always strikes the newcomer as rather meaningless, if one may P. 

it is therefore good to have this reminder that the separation is not absolute. e 
In short, this little book is an excellent introduction to the subject, as much for mo 

who merely want an impression of its scope and nature as for those who are intente 


studying it seriously. 


garded 


where the p’s are the probabilities 
entropies is a convenience, whereby, 
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Rie groups of subjects were used to test the learning and transfer effects that 
STS Won in the display, the muscular reactions and the directional relationship 
the BRL imulus and response ina tracking task. Two arrangements were compared in 
other See studies: one arrangement of the stimuli and reactions was similar, and the 
enar Ed opposed to that used in many every-day skills. The familiar arrangement was 
little tra oe There was high positive transfer from the unfamiliar to the familiar, and 
The an er from the familiar to the unfamiliar. . . d 
stimuli rome dimensions of the display were varied to give two tasks with different 
iiem seen ie initial learning times were equal for both tasks, and the transfer between 
fotce hpt high, positive, and equal. Two further tasks varied in the extent, speed and 
initiall he required muscular movements. One task proved more difficult to learn 
ally, and there was greater transfer from the difficult to the eosy task than from the 


easy to the difficult. A further experiment tested the effects of changing the difficulty of 


- i i . " 
uu DERE course, and it was found that learning was more rapid on the more difficult 
dE transi difference in difficulty between two tasks, therefore, determined both theamount 

nsfer between them and the rate of learning the tasks. 


I 


INTRODUCTION 


e the analysis of the,problems of 


THE theory of identical elements appears to dominat ems 
in some way, upon the similarity 


veo together with the view that transfer depends, 
h Qc stimuli and responses in the first and second task, as measured along some 
oa dimension. This theory is no longer adequate by itself, but it summarizes 
e o al trends in the experimental data. It has been demonstrated, for example, 

in some tasks the physical characteristics of the stimuli and muscular reactions 


may be altered over a certain range, but these differences do not alter the nature of 


the tasks so far as learning and transfer are concerned; and the subject can readily 
ther task that also lies within this 


Ic from any task within this range to any O 
ver Bartlett (1947) has pointed to similar zones of equivalence in performance 
ests, and has developed the concept of limits of ability to define these zones. Here 


the physical variables of a task may be altered over à certain range without affecting 
the standard of performance. It is possible that there is a close relationship between 
the zones of equal performance and those of equal transfer, and the problems of 
transfer measurement and prediction would be gr eatly simplified if such a relationship 


could be demonstrated. 
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Such a connection may well exist in certain tasks which vary only in the physical 
dimensions of the stimuli and reactions, but these are not the only elements that make 
up the total content of a task, and it is here that the second concept is introduced. 
The stimuli and reactions may be related in a way that is expected or unexpected in 
relation to the experience of the subject before the experiment, and this factor may 
dominate the initial learning and the transfer between two tasks. This is a most 
important aspect of learning and transfer research which has so far been greatly 
neglected, apart from the preliminary work of Vince (1944), Warwick (1947) and 
Mitchell (1947) which has been summarized by Mitchell and Vince (1950). From 
previous experience there are built up a large number of skill assumptions; the 
Subject may be quite unaware of the existence of them although they are used many 
times in the day. He will expect that, if he moves a control lever to the right, then 
some element in the visual display will respond by moving to the right rather than to 
the left. This simple assumption is clearly based on long experience dating from 
infancy. But, starting much later in life, it is possible to build up extremely extensive 
and complex skill assumptions as, for example, any car driver finds he has adopted, 
when he changes from a country with left-hand to one with right-hand rule of the road. 
Then, again, much shorter term skill assumptions are found when a subject begins to 
expect from his recent immediate experience of a changing display, that the signals 
will subsequently follow the initial patterns they presented in space and time (Poulton, 
1950). A similar static instance occurs when one expects to find stationary objects 
where they were last seen. 

The real importance of skill assumptions is found in transfer experiments when one 
of the tasks is in conflict with everyday experience. The expected task will 
undoubtedly be easier to learn, whether it is given before or after the unexpected 
task. In-the extreme case, for example, even if there were no learning during the 
initial vnexpected task of a transfer experiment, there might well be apparently 
complete “ transfer” towards a task organized in a way that everyday experience had 
taught long before the subject had entered the laboratory. » ^ 


Two procedures were used in these investigations: 
I. Thehandle-winding task. 
“ 2, The steering task. 


II 
HANDLE-WINDING EXPERIMENTS 


Procedure. 


Apparatus. The task given was that of compensatory tracking, and control was by 
handwheel. An electric motor tended to rotate a pointer at a constant rate away from 
a datum position. The pointer tip was visible to the subject, and his handwheel control 
was connected to the pointer through a mechanical device, that added or subtracted the 
handwheel drive and that of the electrical motor. 

The result was that when the subject turned the handwheel continuously and smoothly 
at rates of 18 turns per minute (i.e. at the same rate as the electric motor, but in the 
opposite direction) the two drives cancelled out, and the pointer tip remained stationary 
against the index mark. " 

This was the operator's task, and any pointer movements were therefore errors, These 
degrees of rotational erro. were summed on à further dial and recorded every minute, 


Practice periods and. criterion. The subjects practised winding continuously for five- 
minute periods with a three-minute rest period between each practice. Only three such 
periods of practice were given in any one forenoon or afternoon. The criterion of complete 
learning adopted and used for all groups was that errors should not exceed 5? over the 
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whole five-minute period. Scores at this level were then examined in detail to determine 
learning times to the nearest minute, since a score could be less than 5? over a five-minute 
period, but the score for any one minute might exceed 1°. This could occur at any time 
between the first and fifth minutes, and the learning scores were summed to the minute 
when such errors last occurred. In effect, the 5° criterion determined learning times to 
the nearest five minutes, and the 1° standard defined the nearest minute. After attaining 
this level of ability on the first task, all subjects and all groups continued practice on their 
initial task, to a total of 4o minutes’ practice, to equate practice for all groups before 
transfer. 

They then transferred to their second task, and the time to reach the criteria on this 
task was recorded, again to the nearest minute. 


Variations of the apparatus. The speed of the electric motor remained constant in 
revolutions per minute throughout all the tests, but nevertheless a change in the apparatus 
that substituted a different length of pointer, resulted in an entirely different velocity of 
the pointer tip, for any given error in the winding rate of the handwheel. The stimuli 
were therefore altered. The corrective movements of the handwheel, that were associated 
with particular errors were also altered, i.e. the ratio of hand to pointer movements, or 
gear ratio, was also varied by this change. ~ 

Changing the handwheel size altered the basic speed and distance moved by the hand 
in maintaining a constant rate of winding. The ratio of hand to pointer movements (gear 
ratio) was also altered. The hand moved through different distances and at different 
speeds, to bring about any given correction at the pointer. A further change in the physical 
conditions also resulted, because a different basic force was needed to rotate the handwheel, 
when the handwheel diameter was changed. 

The direction of winding could also be easily reversed. One arrangement needed a 
constant rate of clockwise winding, but, by changing the direction of rotation of the electrical 
motor, counter-clockwise winding was required from the subject. i 

The sense of the directional relationship between handwheel and pointer could also be 
varied. Clockwise handle-winding could result in clockwise pointer movements, or, by 
using a reversing gear in the drive between handwheel and pointer, in counter-clockwise 
movements of the pointer. (Fourteen subjects were used in a preliminary experiment to 
determine the preferred or expected relationship. Their responses showed that 12,5ubjects 
expected that a clockwise handwheel movement would result. in clockwise pointer 
movement.) 


Five out of all possible arrangements of these variables were selected for study: 
1. Standard arrangement. —The standard arrangement of the apparatus; this was: 
(i) Small handwheel of 3-inch diameter, requiring a basis force of 0:75 lb.; 
(ii) Small pointer of 3-inch radius; 
(iii) Clockwise direction for handle-winding; fe x 
(iv) Expected directional relationship; clockwise rotation of hand giving clockv:zse 
pointer movement. 
2. Unexpected arrangement —This changed only one 
ment—the directional relationship; clockwise movemen 
clockwise movement of the pointer. 


factor in the standard arrange- 
t of the hand gave a counict- 


. Large point ? Also differed from the standard arrangementin only one 
E Ig sie ie Mem Sr gas d instead of the small 3-inch pointer. This 


respect, the large 12-inch pointer was use 5 A We 
quadrupled the speed error of the pointer tip that resulted from any given error in winding 


rate and altered the gear ratio by 4 : I. . 
4. Counter-clockwise arrangement. —Again this altered one factor in the standard 

arrangement; counter-clockwise turning was required instead of clockwise. 

lso different in one respect from the standard 

arrangement; the large 6-inch diameter wheel was used instead of the small 3-inch wheel. 

The extent and speed of hand movement was doubled, and the basic winding force was 

halved. The gear ratio was altered in the ratio of 2:1. x 


5. Large wheel avrangement.—Nas à 


The matching and allocation of the groups. z 
Altogether 7o experimental subjects were tested, all naval ratings aged between 19-25 


gh Uer: i inute on the standard 
years. By giving everyone a preliminary practice spell of one minute o e 
derangement (1) E vs Pedal ans it was possible to divide the 70 subjects into seven 
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groups of ten men each (Groups A, B, C, D, E, F and G) and to ensure that the average 
initial ability of any one of these groups was the same as that of any other. 

Two of these groups were used to compare the effects of any one factor; one group 
learned the standard, followed by the modified arrangement; with a second group this 
order was reversed. 

IU 
RESULTS OF HANDLE-WINDING EXPERIMENTS 


The average learning times for each group of subjects were used to compare the 
effects of the different experimental arrangements. The data have been summarized 
in Table I. 

TABLE I 
AVERAGE TIME (IN MINUTES) TO LEARN THE FIRST AND SECOND TASKS 


ee 


Total 
time 
Initially to learn 
learned Initial Transfer to | Transfer both 
arrange- learning arrange- learning | arrange- 
Nature of problem |Group ment time ment time ments 
Change of directional A Expected 20:5 Unexpected 25:7 46:2 
relationship B Unexpected 30:0 Expected I:9 3r9 
Change of pointer C Small 18:3 Large 2:7 21:0 
size D | Large 20:0 Small 2:6 22:6 
Change of direction |« E Clockwise 19:0 Counter- 2:3 21:3 
of winding clockwise 
Change ~f handwheel F Small 19:6 Large 1:0 20:6 
size G Large irr Small 37 14:8 


Change of directional velationship. 

The results in Group A and Group B showed that the change from the unexpected 
to the expected arrangement was much more readily undertaken than was the change 
from the expected to the unexpected. The preliminary practice of Group A on the 
expected arrangement did not reduce the time required to learn the unexpected 
arrangement (25-7 minutes) by a significant amount compared with the average 
‘tine for Goup B (30-0 minutes), who learned the unexpected arrangement first. 
(t = 1:05—not significant. A value for ¢ of 2-101 was required in all these experiments 
to show a significant difference at the P = 0:05 level.) 

On the other hand, Group B learned the expected arrangement very rapidly after 
their previous practice on the unexpected arrangement. This time (1-9 minutes) was 
compared with that of Group A (20:5 minutes), who learned the expected arrange 
ment first (t = 7.52, indicating a high degree of significance). Learning the unexpecte 
arrangement first therefore saved 18-6 minutes in learning the expected arrangement 

The total time to learn both the unexpected and the expected arrangements Le 
markedly different in the two orders; practice on the unexpected relationship firs 
(Group B) meant that cnly 32 minutes were required to learn both tasks, whereas 
46 minutes were needed by Group A (t = 2-86). i 

The initial learning times showed that the unexpected arrangement was definitely 
more difficult since Group B took 30 minutes, instead of the 20 minutes require! by 
Group A for the expected arrangement (t = 2-54). 


-— 
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Change of pointer size. 

The results in Groups C and D showed that altering the gear ratio, and hence 
the visual stimulus in magnitude or speed, gave a high positive transfer. Transfer 
was substantially the same whether it was in the direction large pointer to small 
pointer, or in the reverse order, and total times to learn the two tasks were not 
affected by the sequence in which they were learned, since these times were 21-0 and 
22:6 minutes respectively. In both groups the amount of skill transferred was large, 
positive and highly significant. A comparison of the time required by Group C to 
learn after transfer (2-7 minutes) with the time taken by Group D (20 minutes), who 
learned the same form of the task as an initial task, gave t = 6:96 for transfer from 
Small to large stimulus. Similarly, a ¢ value of 5:56 was found for transfer from large 
pointer to small, the average times here being 2:6 minutes to learn after transfer, and 
18:3 minutes with no preliminary training. There was no significant difference in the 
initial learning times of the two tasks. It was evident therefore that changes in 
visual stimulus and gear ratio did not affect learning times, rate of learning, or amount 
of skill transferred. 


Change of direction of winding. 

The results in Group E showed good transfer between two arrangements where 
response was altered from clockwise to counter-clockwise turning; only 2:3 minutes 
Were required to learn the second task after 19 minutes had been spent in learning 
the first task. 

Change of handwheel size. -- 

The initial learning times of Groups F and G showed that there was a significant 
difference in the times required for the initial learning of the two awe diame 
the size of handwheel (t = 2:85). The small handwheel took 1j:6 minutes to learn, 
and thé large took only 11-1 minutes. This difference in difficulty between the two 
tasks was not associated with any reliable advantage in presenting one task before 
the other, in order to reduce the total time to learn the two tasks; the difference 
between the two sequences of presentation gave a £ of 1.67, which was not significant | 
at the P = 0:05 level. ~ 

On the other hand, there was greater transfer from the small handwheel to m 
large than in the opposite order of learning, since the large handwheel only d 
an average of one minute to learn, after the preliminary practice on the em verd 
wheel; whereas 3:7 minutes were required to learn the small handwhee ; ic 
preliminary practice had been on the large. This was a significant pitano other 
377. Learning either arrangement first resulted in high positive Saving Ou. iücant 
as a second task, and the benefits of the preliminary training were highly sign 
in both cases (t = 6:3 and ¢ = 5:0). 


IV 
STEERING TASK 


Procedure. f 
The task of serial pursuit was set in this experiment, and tiyak] iae on z 
moving line of electrical contact studs with a pointer carrying 9. au ys iu E 
pointer was moved by a handwheel, and the task was like steering o tein cul oar 
One course was simple to follow, with few curves, whereas the o D Tena 
frequent and sharp curves. It was relatively easy to anticipate correc y E me 
also easier to memorize the course. In both courses the subjects could only see two contac 
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studs in advance of the pointer, and the rest of the course was hidden. Visualanticipation 
time was constant in both courses, but one course was more like that expected by most 
people in continuous tasks, i.e. that the signals remain relatively constant, and there is 
a good deal of repetition (C. Poulton, 1950). One group had all their initial practice of 
21 runs on the difficult course and were then transferred to the easy course. This Group 
(H) was made up of 1o business women of ages 32-52. The other Group (I) learned the 
same tasks but in the opposite sequence. They were ro naval ratings of ages 19-25 years, 
and they were considerably better than the women at a short preliminary test of the same 
kind of skill. It was intended to see whether a good system of training could make a poor 
group more accurate than a good group provided with only an indifferent training. _ 

The method of scoring was that contacts, or “hits,” were only made when the subject 
kept the pointer exactly in line with the moving line of contact studs. These hits were 
added by counter to give the score for any one run. The highest possible score on either 
course was 194 hits. Two points in each learning curve were taken to compare the groups 
on the steering tests. These were the group score on their 21st and final run on the first 
task, and their first score on the second task. These scores were directly compared, and 
they were also added to compare the overall ability of the two groups at the same stages 
in their training. 


V 
RESULTS OF STEERING EXPERIMENT 


The group average scores are set out in Table II. 


TABLE 2 
RESULTS OF STEERING EXPERIMENTS 


Final score on | Initial score on 
> Group first task second task Sum 


H: Business wotaen—difficult task first 165 182 347 
easy task second 


I: Naval ratings—easy task first 8 
difficult task second ann 144 375 


——————————————————————————————A————————D 


^* In spite of their low initial ability the training of Group H on the difficult task 
resulted in a more rapid extension of their abilities, and at the end of their training 
they were superior to Group I, on both the task that they had practised and the fina 
task that was new to them. Group H averaged 347 hits for the difficult plus the easy 
run, whereas Group I averaged only 325 hits; this difference was highly significant, 
t being 3:5. It is of particular interest that the first score of Group H on transfer Ho 
the easy task was the same as the final score of Group I on the easy task, although gs 
latter had practised this task directly for 2x runs, with all the advantages of memorizing 
that this implies. Indirect was therefore equivalent to direct practice. This i5 = 
interesting finding, and when the innate inferiority of Group H and the a 
memorizing advantages of the younger Group I are taken into account, it seems ge 
that indirect practice was possibly superior to direct, although this has not yet er 
proved. It follows, however, that a carefully adjusted training can greatly pet 
learning rates, even in 2 poor group, and show a very real extension of general ena 

as compared with a superior group who were not exercised at full capacity. the 

Transfer effects were high and positive in both cases. But initial training °” 

easy task gave much less transfer to the difficult task, and the inferiority of direc ult 
indirect practice in this case was highly significant (¢ = 4-3). Group H on the diffic 


? 
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task Scored 165 hits after 21 runs of direct practice, and Group I scored only 144 hits 
" d! initial run on the difficult task, after their preliminary training on the easy, 
SK, 

The apparent difference in difficulty was confirmed, since Group H increased their 
Score from 165 to 182 on transferring from the difficult to easy track (¢ = 6-7), and it 
has been shown that practice on the difficult task was equal to practice on the easy 
task. Also Group I scores decreased from 181 hits on the easy task to only 144 hits 
on the difficult task (t = 8-5). 


VI 
DISCUSSION 


Test design for handle-winding experiments. 

A new test design is needed to study the effects upon transfer of skill assumptions 
or unequal task content, since the standard designs use equal tasks, or pool the data 
when unequal tasks are used, and are not suited to the experimental purpose. The 
conventional transfer formule cannot be used to show the transfer interactions 
between unequal tasks, because the percentages are determined by two factors: the 
amount of skill carried over from the first to the second task, and the content of the 
second task. If two tasks are unequal, and are presented in opposite order, then the 
calculated transfer percentages must also tend to be unequal; but it cannot be 
assumed from this that the transfer of skill is different in the two orders of presentation 
since two effects are confounded in the percentages formule. Thus the measures 
of the average learning time for each task, and the total learning time for each pair of 
tasks, have been used in the handle-winding experiments. The former measure can 
be used to show the time saved in learning each second task because of the preliminary 
training on the first. The levels of task difficulty, and the amounts of skill transferred, 
can therefore be related to each other. The latter measure shows the relationship of 
task difficulty and the order of presentation, to the total learning time for both tasks. 
. The total learning time is an essential measure. It is evident that time will be lost 
in learning the more difficult task first, but there may be a compensating saving in 
learning the easy task after transfer. There may be an equal, but opposite effect in 
the reverse order of learning; so that the total learning time is the same and unaffected 
by the order. This is defined as simple additive compensation. 

Other tasks may show a difference in total learning times, depending upon the 
learning orders, and such tasks must be identified and treated separately: 


Test design for steering experiments. 


The steering test did not proceed to complete learn 
was designed to compare the effects of task content upon 
based upon a common skill, rather than the absolute amoun 
have been found if learning had been complete. 


ing of either task. The test 
the rate of learning two tasks 
t of transfer that might 


Simple relationship between task content and amount of skill transferred. 

The handwheel-size and pointer-size experiments (Table I) show that there was 
more transfer from the difficult to the easy task than from the easy to the difficult, 
and equal transfer between the tasks when they were of equal difficulty. The unequal 
transfer of the handwheel-size experiment cannot be explained by theories which 
state that the amount of transfer is related to the degree of similarity of the stimuli 
and responses along some physical dimension. It is clear that the separation of the 
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physical factors is the same no matter in which order two tasks are presented, and 
transfer would be equal if it depended only on physical separation. A new approach 
has to be made to the problems of generalization and discrimination in transfer. 

The stimuli and reponses were changed substantially in the experiments on 
pointer and handwheel size, but there was high positive transfer between all such 
variations. It follows that when one arrangement of the physical variables was 
learned, this learning extended over a wide range of these variables. The pointer-size 
experiment gives the simplest case, with equal learning times, and very high transfer 
in both directions between the two arrangements, in spite of considerable alterations 
in the stimuli. The two arrangements must indeed have been virtually the same 
task, from a psychological point of view, in spite of large physical differences. 


The concept of different levels of required ability. 

This indicates that a concept of levels of required ability may be important in 
transfer. Bartlett (1947) has outlined the concept of limits of ability. He pointed 
out that wide variations can be made in physical factors without any corresponding 
change in human performance, provided these changes lie within a certain range on 
the physical scale of the environmental factors in question. ‘‘The fundamental 
features of a performance will remain stable over a certain range of its conditions. 
Outside this range they will change often in a dramatic and radical manner.” A 
major purpose of performance and learning tests is to determine the range over which 
a physical condition can be varied without affecting performance or learning scores. 
When the physical variables are altered, the tolerance limits can be defined, beyond 
which the task will *how an increase in difficulty. Tasks within an optimal zone are 
psychologically equivalent in difficulty and in the level of ability they require; a 
common measure of such zones is that a given proportional change in the stimuli or 
responses is psychologically equivalent, e.g. the Weber or Fullerton Cattell Square 
Root Law applies. The results of the present transfer experiments suggest that tasks 
within such limits may not only be equal in performance and in required ability, but 
also in transfer, i.e. there is high and equal transfer between any two tasks within 
these limits. This finding deserves extensive study to discover how general it is. 

Tasks outside the optimal zone require superior ability to reach a given standard 
of performance than tasks within the zone. It is clear that the level of ability gained 
in practising a task must be limited by the content of that task; thus the ability to 
deal with difficult situations cannot be acquired in practising easy ones. The present 
results cou!d be explained therefore by a hierarchy of levels of required ability, with 
the higher levels including the lower. Practising a task to total possible skill may 
develop a level of ability that is directly related to the difficulty of the task, and there 
would then be high positive transfer from difficult to easy tasks and less transfer 1n 

the opposite direction. The higher levels of ability could then deal with a large" 
range of physical variables in the stimuli and responses than could the lower. 


Relationship between measures of performance and of transfer. 


The connection between learning and performance tests on the o 
transfer tests on the other has been emphasized, since if such a connectio. zn 
there is little point in carrying out laborious transfer tests on certain classes of physic "s 
variables, e.g. when it is known that a range of such variables conform to Weber e 
Law. There would also be important implications for applied work if the data Lam 
some types of performance tests could be used in the practical problems of trans 
in the field. 


ne hand and 
n exists then 


c 
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It is clear that, when there is simple additive compensation in transfer between 
any two tasks, there is a direct relationship between such transfer tests and per- 
formance and learning tests that use the same experimental material. This must 
follow because the first part of a transfer test (the initial learning or performance test 
on two tasks) is in itself a performance and learning test. If there is simple additive 
compensation, the difference between the scores on the second tasks is equal to the 
difference between the scores on the first tasks, and a simple relationship must there- 
fore exist between such transfer results and performance and learning tests. It may 
be important therefore to isolate the class of effects that lead to simple additive 
compensation in transfer, and to compare the present transfer results with independent 
learning and performance tests that have used the same experimental variables. 

_The studies of changed pointer size show equal times to learn the large or small 
pointer arrangement, and equal transfer from small to large, and from large to small. 
The change of pointer size altered the speed of the pointer tip and the gear ratio. 
Hick (1950) has shown that in judging stimulus speed there is an optimal range of 
speeds that conforms to Weber’s Law. Vince (1946) has shown that tracking with a — 
ae changing gear ratio gives a performance score that is équal to a constant 
ratio. 

There is also the evidence from the changes in handwheel size. The large hand- 
Wheel was easier to learn as an initial task, but there was less transfer from large to 
small. The effects were approximately compensatory, however, since there was not 
significant difference in the total time to learn the two tasks in the different orders 
of presentation. The basic physical force was lower, and the tangential speed of the 
hand was higher when the large handwheel was used, and these were nearer to the 
optimal conditions that have been defined in independent performance tests, of. . Hick 
(1945) and Helson (1949). These two different tasks had different levels of difficulty, 
as shown in the initial test, and transfer was found to be approximately propertional 
to the difference in difficulty. * 

_ It is evident that the results of the above trans 
with fair accuracy, from the independent performance tests. These tests altered only 
the physical dimensions of the basic stimulus and response, and the tasks required 
the same kind of skill. It is important to note that learning approximated to total 
possible skill in all tasks before the groups were transferred. These are essential’ 
conditions for the hypotheses that follow. 9x 

The results of the pointer size studies suggest the hypothesis (i) that transfer 
between two tasks, both of which lie between the same tolerance limits, as dee m 
performance tests, can be (a) positive, (b) large, and (c) equal and unaffected by the order 
of task Presentation. 


fer tests could have been predicted, 


& S dE. tasks 
The handwheel result est the hypothesis (ii) that transfer between d 
ed x and one of which lies outside this optimal 


one of which lies within the tolerance limits, h ta 
zone can be (a) positive, (a) large, (c) unequal and affected by the order of tas: presen 
tion; this implies greater transfer when the first task lies outside the optimal zone, an 

the second lies within it, than when the first task comes within and the second outside. 


The changes in directional relationship between handwheel and display. hay. 
The change in directional relationship gave results that accord with hypothesis (ii), 
since the transfer from the difficult and unexpected relationship to the expected was 
very much greater than the transfer from the easy to the difficult task. This result 
also supports the concept of a hierarchy of levels of required ability rather than that 
of physical similarities, but there are several reasons why this study must be treated 


Separately. 
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It is important to note that the basic stimuli and responses were the same in both 
the unexpected and expected versions of this task, i.e. they were common elements 
in both tasks. Nevertheless, the transfer from the expected to the unexpected 
organization of these elements was very small and had no significant effect in reducing 
the time to learn the latter task. This suggests that the elements of stimuli and 
responses may have comparatively little effect in transfer, whereas their relationship 
in space and time may be all important. Indeed, Bartlett (1947) has previously made 
the same point that stimuli and muscular reactions by themselves are not meaningful 
elements in the analysis of given tasks, whereas the organization of these in space 
and time may well be all important. This view is supported by comparing all the 
transfer effects of the handle-winding experimentin TableI. The change in directional 
relationship had a far greater effect on transfer than any of the isolated changes in 


stimuli or muscular reaction. 


The effect of changed time-space relationships upon transfer. 

It was found in the handle-size experiment that the low level of ability that was 
gained in practising an easy task made some contribution to the higher level of ability 
that was required in a more difficult task, and this contribution was roughly propor- 
tional to the difference in the difficulty of the tasks. This was not the case in the 
directional-relationship studies, where learning the easy task first did not result in 
any significant saving in learning the difficult task after transfer, whereas learning 
the difficult task first gave very high transfer to the easy task. There isa simple 
explanation of this finding, since if the essential organization of the expected arrange- 
ment had already been learned and skill assumptions built up before the experiments 
began, then there would be the appearance of positive transfer to it as a second task, 
irrespective of the relevance of the learning that took place during the course of the 
experiment. 

Conversely, if the'unexpected organization was not learned in everyday experience 
and was not present in the expected arrangement (that was learned as a first tusk by 
Group A during the experiment), then no knowledge of this unfamiliar arrangement 
could have been carried over from the expected to the unexpected arrangement or 
from previous experience. The learning of the unexpected arrangement had to start 
virtually from scratch, in spite of the preliminary training on the expected arrangement. 

The skill assumption that was present in the expected directional relationship, an 
carried over from everyday experience, was that the subjects expected that any given 
reaction would move some element in the display in the same sense as the response. 
This assumption is clearly developed in the co-ordinations that are used in writing, 
pointing at a moving object, and in other everyday skills. Many other skill assump- 
tions are to be found in serial motor skills, and several examples have been given m 
the Introduction, Their effect is apparently to form a preference for certain forms 
of organization of the stimuli and responses in space and time. It seems unlikely that 
simple additive compensation will be found when skill assumptions prove to be correct 
in one task, but not in the other. The effect is that transfer scores cannot be imi 
predicted from performance data in these cases, although it is conceivable that suc 1 
prediction can be made when the physical dimensions of the stimuli and responses ar? 
the only elements that are altered. d 
. It may be generally true, however, that, if new stimuli and responses are am 
in a familiar relationship, this learning will make little contribution toward learning 
subsequent task, where the same stimuli and responses are organized in direct conflic 
with the familiar relationship. There may indeed be negative transfer in some em 
Since the initial learning might reinforce skill assumptions that have to be discarde 
in the second task. 


— — — 


Ph 


TRANSFER OF TRAINING AND SKILL ASSUMPTIONS I09 


The differences in total learning times. 
The results show that in all cases it was better i 
to rom the greatest amount of transfer icing n pem pose pq 
ies d x always the case if the total learning time or rate of learning both tasks is 
‘bial en he criterion. In the handwheel-size experiments there was not a shorter 
ath rning time when the difficult, small handwheel was presented first, in spite 
i greater transfer from the difficult to easy task. 
erio SANE relationship experiments with the handle-winding task and the 
be ra pement showed nevertheless a higher overall rate of learning when the 
Ih hie m task was presented first. This is shown by the superiority of total scores 
tal nib € It is clear that the rate of learning is affected by the content of the 
We amie x an increase in task difficulty does not automatically increase the rate 
an oni g. Itis more probable that there is an optimal level of task difficulty, and 
ptimal rate of presenting new items to replace those already learned, for every 


kind of learning material. 


The transfer bias between unequal tasks. 7 

wae clem effect of unequal task content upon transfer has been known for a 
Shanta be le time; hence the directions in the early transfer tests that equal tasks 
Enel (x oe or that data from unequal tasks should be pooled. It appears that 
tion tos? first realized that the effects of task difficulty merited separate investiga- 
has led i is only recently that interest has been revived in the problem, and this 
and Welfo F number of simultaneous and independent investigations—e.g. Szafran 
other ana i (1950), Gagne et al. (1950), Gibbs and Clutton-Beker (1950) and several 
There ts ish and American psychologists who have not yet published their findings. 
fonnd 1f d a eti amount of evidence from these sources, and it is"generally 
fà theo at there is more transfer from the difficult to the easy yersion of a task than 
ba diee prete order. It is unfortunate that these independent findings cannot yet 
tese desi y compared because the effect can arise from different causes. The present 
Cales le VC ais to give a method of analysing the general effect into its separate 
by aetna y avoiding the confusion arising from the use of transfer percentages and 

inguishing between measures of time saved and of total learning time. 


VII 
CONCLUSIONS í 
qual tasks should use measures 


d the rates of learning, e.g 
t be expressed in 


se design that estimates the transfer between une 
d stinguish between the amounts of transfer an 
een time saved and total learning time. Transfer should no 
Percentages or proportions. 
bs "Ae appears that the amount of transfer 
mv h , Whereas the transfer between two 
if th € greater transfer from the difficult to eas 
e same kind of ability is required in both tasks and learning 


total possible skill is closely approached in both tasks. 
a hierarchy of levels of required 


abi ii: The effect may be explained by the concept of 

Y; it cannot be explained by the theory that transfer depends only upon the 
Separation of stimuli or reactions along some physical dimension. The detailed causes 
of the effect may lie in the differences in experimental learning, or in the previous 
experience of the subjects. 


between two equally difficult tasks may 
unequal tasks may be unequal. There 
y task than from the easy to difficult, 

is carried on until 
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4. A change in the space/time relationship between a stimulus and response may 
have a greater effect on learning and transfer than a change in the physical dimensions 
of the stimulus or required response. Learning new stimuli and responses in a familiar 
relationship may make no contribution to the subsequent learning of these same 
stimuli and responses in an unfamiliar relationship. 


5. It may be generally true that if tasks are of unequal difficulty because of a 
difference in the physical values of the stimulus or response, then the differences 
in transfer may have a simple arithmetical relationship to the differences in task 
difficulty. In these cases, the transfer effects may be predicted, at least approximately, 


from the data of performance and learning tests that have used the same experimental 
material. 


6. But this simple relationship between task difficulty and the amount of skill 
transferred is not likely to be found if previous experience aids performance on one 
task and hinders it on the other. 

7. The level of task difficulty affects the rate of learning (i.e. total learning time), 
but it cannot be held that an increase in task difficulty will inevitably result in an 


increased rate of learning. It seems more likely that there is an optimum range of i 


task difficulty that ensures the most rapid learning. 


My thanks are due to Lt.-Commander Clutton-Baker, who carried out many of the 
experiments. Dr. N. H. Mackworth made an invaluable contribution by clarifying an 
initial draft, and other members of the Laboratory made useful suggestions. 
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5 CHANGES WITH AGE AND WITH EXCLUSION OF VISION 
IN PERFORMANCE AT AN AIMING TASK 


BY 
j. SZAFRAN 


4 (From the Nuffield Research Unit into Problems of Ageing, 
Psychological Laboratory, Cambridge) 


Forty industrial workers between 20 and 60 years of age took part in the experiment. 


m sat facing a display in an enclosure. His task was to locate targets with a pointer, 
rd two conditons: when he was able to make whatever use he chose of direct vision, 
wearing a pair of red goggles through which only the diplay could be seen. 
m On the average, those over 40 years of age took more time than younger subjects over 
DE portions of the task which were concerned with the initiation of a fresh action. 
Dam unable to make use of vision the older had far greater difficulty in locating the 
e ah aa and attempted to supplement tactile and kinesthetic cues by making postural 
eas turning their heads and often their bodies in the direction of the target 
ra which they were aiming. These findings are discussed in relation to an earlier observa- 
on of the greater tendency for older people to look at what they are doing. 


$ I 
INTRODUCTION 


951) suggested that 


younger subjects tended to carry out a part of a simple perceptu.o-motor task without 
h this occurred during - 


the aid of visual cues more often than older subjects. Althoug 
a relatively unimportant phase of an action, there were reasons to believe that as a 


result the nature of the whole performance was affected. It has further been demon- 


strated” (Welford, 1951) that in studies of ageing measures of overall performance 


tend to obscure important differences in the constituent reactions of a skill. 

Pa panies LO the attempt has been made to consider further the importance of 
SH cues for older people and to study the constituents within a relatively simple 
Es j, un with a hypothesis that younger people are more likely than older to 
a able to carry out accurate limb movements without looking where they are 
caching, an experiment was designed to investigate the efficiency with which people 

of different ages can locate by hand various positions near them in space, with and 


| without the aid of vision. 


.; Two previous studies by the writer (reported by Welford, 1 


II 


METHOD M 


The subj i yi d faced a display of 19 small 
1e subject sat in the centre of a wooden framework an ac disp 
te lights. He was surrounded by à corresponding number of 14-inch square targets, 
ä ch carrying a round 1-inch diameter metal plate as bull's eye. These targets were 

Tranged in various directions, but at a constant distance, within easy reach, of about 


22 inches as 1 3 int between bis shoulders. Considered vertically, 
measured from the midpoint be 45^ above an d six 45° below. Con- 


Six targets were at th ject’ er level, seven 

Fes heazoutally popes ds pe ydus in froht of the subject and 45? above his 
oulder level, three targets 45° to the right side and three 45^ 40 the left, three targets 

the ce right and three go? to the left, three targets 1 35, to De zent Legi Que 

eft. Th i i subject at 45° below J a 

all the pane s ies Runt tan pi: ee ay The Pico directly in front of the subject 

and at the level of his shoulders carried the panel of 12 v.6 w. bulbs which were arranged 

n Such a way as to represent a plan of the layout of targets. Half-way between the 


III 
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subject's seat and the display was a small pillar carrying a 4-inch square metal plate 
mounted so as to be at the level of the subject's knees. 

The subject was instructed to hold a metal stylus } inch in diameter and 6 inches long 
in a vertical position on the plate in front of him and upon noticing a light on the display 
being switched off to move the stylus to the centre of the corresponding target, contact 
with which caused the absent light to reappear on the display. When this was achieved, 
he was required to return to the starting point. 7 

The centres of the targets, the bulbs which served as target indicators on the display, 
the plate in front of the subject and the stylus held by the subject were wired to pens 
recording on a band of paper moving at a constant speed over a drum. These pens regis- 
tered the following information about each complete operation :— 

Time for the initiation of response. The time elapsing between the presentation of the 
signal and the initiation of the response to it (i.e. lifting the stylus from the plate). 

Outward-transit time. The time taken to move the stylus from the plate to make contact 
with the target indicated. 

Search time. The time required to locate the centre after contact had been made with 
the target area. 

Bull's eye time. The time spent in contact with the bull's eye. 

Return time. The time taken to bring the stylus back to the starting point. 

The apparatus was essentially like that employed by Fitts (1947). However, whereas 
in Fitts's arrangement the subject's performance was measured in terms of accuracy 
of his initial contact with each target irrespective of the time taken, the apparatus 
used in the present experiment measured performance in terms of time taken to achieve 
a predetermined level of accuracy. 

It was explained to the subject that he could carry out the task in any manner he liked, 
but that he was not allowed to touch any part of the apparatus with his hand. No mention 
of speed or any other criterion of efficiency was made. 

After a demonstration trial every subject carried out the task under two conditions, 
Condition A always coming before Condition B. 

Condition A: the subject was able to make whatever use he chose of direct vision. 

Co'dition B: the subject wore a special pair of red goggles through which he could see 

the filaments of the bulbs forming the display, but nothing else. Subjects were 
not told that they would have to face this condition until after they had completed 
their performance under Condition A. 

Every subject was given two series of ten targets in each condition, first holding the 
stylus in the dominant hand and then holding it in the other hand. For a right hand 
performance the target directly above the display and the nine targets of the right bank 
were given. In a left hand performance, the same target above the display and the nine 
targets of the left bank were employed. The order of presentation of targets was randomized 
in four Latin squares, allocating a different arrangement to every series in every condition. 
All the age groups received the same overall treatment. 

It was originally intended to compare Condition A with Condition B, which would have 
necessitated half the subjects receiving the latter first. Preliminary trials revealed, how" 
ever, that the difficulty of the task in Condition B when it came first was so great that many 
subjects, especially those in the higher age groups, gave up. Condition A was given first, 
therefore, to all subjects. 

There were ten subjects in each of the four age decades from the twenties to the fifties. 
They came from the Trumpington Industrial Hostel, Cambridge, and were of various 
European nationalities. á 
. When the distributions of all time measurements falling within each age range were 
inspected separately for each constituent reaction, it became obvious that the amount of 
rne eel sa the age groups was very large in each case, and that the variance tenden 
B. Al P 9 r- very markedly, with age, especially in respect of the scores for Condit s 
Mens € ep mag were of the asymmetrical type, positively skewed to varie 
standard devi ew of them could be described adequately by the arithmetic mean a z 

iation. In common with many other time scores, however, the logarithm: 


of the istri 2 1 
dije re were distributed approximately normally, but even so the variances remaine 


The indiv 


described ab idual distributions of time scores, as opposed to the age range distributions 


ove, displayed wide variations from subject to subject. It was difficult tO 
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. see wh i i 
* at measure other than the arithmetic mean would be more representative of the 


a 


centi : ERO MEA 

Sen treLsendencyyot these varied distributions. Accordingly, although both geometric and 

diferencas Nd auem pem compor for each age group, the significance of observed 

d B rom the arithmetic mean values per subject, using th 
eveloped by Kendall (1948) and Whitfield (1947). e . SEDENS 


IH 
: RESULTS 
m pan the results no distinction was made between the two hands since the 
erie each followed the same patterning of constituent reactions studied. The 
uL e measurements were combined, and the mean value per hand was used for 
purpose of further descriptions and analysis. 


Condition A 
* TABLE I 
MEAN TIMES (IN SECONDS) PER SUBJECT AND D 
CONDITION A. 
Geometric mean values given in brackets). 


ee So 


IFFERENCES BETWEEN AGE GROUPS. 


From first contact 
pH with “bull's eye" 
A nitiation | Outward to beginning of Total 
ge group of response transit Search | return movement Return time 
Twenties | c — 
e 0775 0:99 o 0:47 0:93 314 
(0:73) (0-96) (044) * | (09°) 
Thirti s 
irties m 0:85 DII o 0:73 0:96 7305 
(0-83) (1-07) (068) | (092 | - 
Forties ^ k 
m 1:03 1:07 o 0:57 0:93 3:00 
(roo) | (1-06) (055) (090) 
Fifti 
BEB es 1:06 1:27 o 0:91 1:00 424 
a (1-01) (1-08) (0-88) (0-95) 
Subjects ranked For differences between age groups 
y'age ..| P«oo: Por — P «oor P>o1 | P<o-ot 
Dichotomy: ° 
wenties/Fifties: = P<0-06 "p EM poi = 
nstituents of 


everal co 


ether with the times for the S 
be noted about these 


T 1 
he total times per target tog 
Four points may 


e pe 
E aaa are summarized in Table I. 
ge groups Was built up 
arter of the total time was spent in initiating 
lus to the target, about one sixth at 


I. On the average the performance of each of the four ài 


in s 
s oe following manner: About one qu 
fhe ag about one third in moving the sty NEU STE i TE 
is inte sS eye, and one quarter in bringing the stylus back to the S i ing ines $ i 
ie s ng toote that the outward transit time tended to be longer than the 
urn time, which in respect of movement was essentially its equivalent. 
"a The mean overall time per target for the oldest age group was about 35 per 
- higher than for the youngest. The constituent times contributing to this 


y 
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increase with age were the initiation of response and the bull's eye time. The outward 
transit time showed a tendency in the same direction, whilst the return time remained 
essentially the same for all the age groups. j 

3. All subjects made full use of the opportunity to see while aiming at the 
targets—hence the complete absence of search time scores. Subjects’ introspections 
suggested that seeing the stylus on the bull’s eye rather than the restoration of the 
absent light in the display served to indicate success. Moreover, the experimenter 
observed that, upon making contact with the bull’s eye, some subjects would immedi- 
ately bring the stylus back to the starting point, while others would do so only after 
they had taken a swift glance at the display. Unfortunately, it was not possible to 
make this observation in such a way as to be certain whether or not it had any 


relation to age. 


The differences in the values of initiation of response time minus 
and of outward transit time minus return time gave probabilities o 


respectively. 
Condition B 


inus outward transit time 
f o-oor and oor 


TABLE II 


MEAN TIMEs (IN SECONDS) PER SUBJECT AND DIFFERE 
CowpiriON B. 


(Geometric mean values given in brackets). 


NCES BETWEEN AGE GROUPS. 


From first contact 
with "bull's-eye" Total 
Initiation | Outward to beginning of time 
Age group of vi-bonse | transit Search return movement |, eee | 
Twenties " 0:96 1:36 16:28 0:97 1:20 20°77 
: (0-92) (128) | (779 (0-88) (r2) 
: 22:01 
Thirties - I3 1:29 17:15 pos r38 t 220 
(1-01) (121) | (8-95) (0-89) (1:28) 
8 
Forties. . T 155 121+ 22:58 1-63 rs 2 55 
(1:36) (ro8) | (11:27) (1:30) (1-26) 
2:80 
Fifties .. RS 1:67 117 35:96 2:49 a 4 
(rse) | (rir) | (19°08) a73 | (3) |  — 
For differences between age groups 
Subjects ranked p <o:00! 
by age P>o-1 | P<o-oo1 P <o-0o1 Paot 
Dichotomy : = 
Twenties/Fifties: P>o-1 — = P <0'05 s 


he results uP 


formance 1? 
hanges wit 


The results for Condition B are set out in Table II. Comparing t 
Condition B with those in Condition A, it will be at once clear that per 
Condition B took a much longer time and showed substantially greater c 
age. The main points are:— e à 

1. The search time scores which were absent in Condition A assumed. her 
preponderant place, constituting some four fifths of the total time. 

2. The mean overall time per target increased substantially and co 
age, making the oldest subjects’ scores twice that of the youngest. 
performance was differently built up in the different age groups. 


3 ith 
nsistently ke 


However, 


CHANGES WITH AGE AND WITH EXCLUSION OF VISION TIS 


3- Those in the forties required on the average about 6o per cent. more time than 
those in the twenties to initiate the response. Those in the fifties showed a further 
Increase of some Io per cent. 

4. No well defined differences between the groups were detected in the outward ; 
transit time. What mean trend there was, however, was in the downward direction 
with age. Although not significant in itself, this trend appeared of some importance 
when viewed against the initiation of response time. Relative to this, the youngest 
age group spent some 40 per cent. more time in the outward transit. Those in the 
thirties already displayed a slight shift in the opposite direction, taking only 14 per 
cent. more time. However, those in the forties required for the outward transit some 
20 per cent. less time than for the initiation of the response, and those in the fifties a 
further ro per cent. less still. 

It should be borne in mind that the task was such that after the signal had been 
presented to the subject, he could interpret it at any time he chose between the 
moment he perceived the signal and the moment he made the first impact with the 
target area. This part of the performance embraced the first twa constituents, the 
initiation of response and the outward transit. The combined scores indicate a slight 
increase with age, amounting to some 20 per cent. between the youngest and the 
oldest group. 

5. The time required to locate the centre of the target increased very substantially 
with age. Those in the forties spent about 40 per cent. more time than the youngest 
on this, and those in the fifties a further 60 per cent. The time required was thus 
doubled from the youngest to the oldest age group. 

6. It is not meaningful to give the times spent in the bull's eye for Condition B. 
The difficulty arises because it often happened that subjects entered the bull's eye, 
but went on searching apparently unaware that the display light had been restored. 
The mean percentage of such occurrences is given in Table III, skowing a considerable 
increase2n the forties and fifties., In all these cases of “accidental entry," the attempt 
to locate the bull's eye continued until at some later stage it was realized that success 
had been attained. Clearly, what objectively was a bull's eye was not necessarily so 
subjectively. The time for this stage of the performance has, therefore, been taken 
as the interval that elapsed between the moment an objective change in the display 
took place and the moment this change was apprehended by the subject so as to 
cause him to withdraw the stylus from the target. Those in the forties required 
about 55 per cent. more time than those in the twenties to become aware of and to 
take action after such a change in the display had taken place. Those în the fifties 


Tequired some 45 per cent. more time still. 


TABLE Ill 
MEAN PERCENTAGE OF OCCURRENCES OF 
“UNNECESSARY SEARCH" PER SUBJECT 


Mean per hand 


Age group 

Twenties 28:5 per cent. 
Thirties pu 33:0 ” e 
Forties oe 51:0 » 

Fifties vs 745 m 
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7. As far as could be judged from the gross head movements, most subjects 
turned their heads and sometimes their bodies in the direction of the target at which 
they were aiming. They seemed to be attempting, although according to their 
introspective reports without being aware of it, to produce the same postural adjust- 
ments they would have made had they been able to see. These head movements were 
marked among subjects of all ages during the initial phase of the operation, and 
among the older subjects also during the greater part of the search. The. younger 
subjects, however, tended during the search to watch the display—a behaviour upon 
which, it will be remembered, Condition B places a premium. The continuing of the 
attempt to locate the bull’s eye after the light had reappeared was no doubt due to 
the fact that the subject’s head was turned away from the display at the time. 


8. The mean time required to bring the stylus back to the starting point showed 
a non-significant tendency to increase with age. The oldest group was some 20 per 


cent. slower than the youngest. 
It is noteworthy that the mean return time, relative to the outward transit time 


se in the twenties, was almost equal for the thirties 


was over I0 per cent. lower for tho 
n A it 


and was over 20 per cent. higher for the two older groups, whereas in Conditio 
was lower for all age ranges. 

g. At the end of the experiment subjects were encouraged to describe the sub- 
jective phenomena. When the goggles were removed, almost every subject spon- 
taneously made remarks to the effect that the targets seemed to have been located 
further away than they actually were. The wording of these comments was usually 
such as to emphasize the subject’s astonishment at how his senses had deceived him 
and how much nearc»in reality he was to the targets. Their other remarks about 
Conditon B were not particularly helpful, for in this connection they referred as a 
rule to Condition A, in which, they claimed, they had “learnt the layout." Requested 
to estimate the tota! time spent in the experimental enclosure, most subjects over- 
estimated by some 50 per cent. On the whole, they were puzzled and amused by 
the task. 

One subject deserves separate mention, as showing what appears to have been an 
ansfer effect (Szafran and Welford, 1949). When he was submitted to 
the test, it was not known that he had had considerable experience of work in the 
dark-room of a photographic laboratory. His performance was for obvious reasons 
not included in the results of the main experiment. He was 49 years old, and by 4 
standards his was the most efficient performance observed. Although showing the 


patterning of the initial phase usual for older subjects, he required less time to locate 
ximately 


occupational tr: 


the bull's eye than the mean of the youngest age group. Also he took appro 
as long as the mean of this group to react to the restoration of the display light. He 
practically never turned his head from the display. 

s can be 


With advancing age there is a decline in the efficiency with which small detail tain 
visually discriminated (e.g. Weston, 1949). It was thought desirable, therefore, to ascerta 5 
whether the increase with age in the initiation of response time in Condition B was due i 
inability to see the lights or to something else. from 

Accordingly 18 subjects from 2o to 6o years of age were asked to lift the stylus c to 
the starting point as soon as they noticed a light being switched off. They did not hav! thé 
locate any target. Precautions were taken to ensure that they could react only e ten 
visual signal and not to ny noise produced by the switches. Every subject receive d 
Rid for each hand in two conditions: not wearing the red goggles; wearing the 
goggles. 3 

Tt was found that the mean difference between these conditions lay between 15 per oat 
for the younger and 25 per cent. for the older subjects. Since the percentage differen’: 
between the initiation of response times in Condition A and Condition B of the ™ 
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experi x " 

NAI the corresponding age ranges were of the order of 30 per cent. for the 
of Ie -of 60 per cent. for the older, it seems clear that the differences in the initiation 
display. e time in the main experiment were not due solely to difficulty in seeing the 


IV 
DISCUSSION 


With increase of age and transition from Condition A to Condition B there were 


su i 

e bstanitial changes of performance, but they did not occur to the same extent in all 
e e tuent of the task. 

end he changes with age seem to have been of three kinds.—Firstly, the older subjects 

dr ed to take longer than the younger over those portions of the task which were 
ncerned with the initiation of a fresh action. Thus, in Condition A, the older 


t 
Sige to take longer to initiate both the outward and the return movements, although 
imes for the execution of these movements were about equal for all age groups. 
tiating their outward 


seiis, in Condition B, older subjects were slower at ini h 
inifiat; ents, although the movements themselves tended to get faster with age. The 
e ion and making of the return movements in Condition B cannot properly be 
Tho P with those of Condition A, since they were likely to have been affected by 
fin fron jects' being unable to see the targets and the plate on the central pillar. The 

ng that older subjects took longer to initiate new responses is in line with those 


a erc experiment by Brown (reported by Welford, 1951). + 

bein econdly, the older subjects tended to be far more affected than the younger by 

to lo deprived of vision in Condition B—as is shown by theif markedly Jonger times 

lock is te the centres of the targets. It is possibly for the same reason that.they also 
oad to return from the targets to the plate on the central pillar. o 

inC hirdly, there was a persistent tendency on the part of the ólder subjects to make 
ondition B postural adjustments similar to those made in Condition A, when they 


ae look at the targets while locating the bull’s eyes. They were, it seemed, 
nstating the postural patterns of Condition A in spite of the fact that looking away 


from the display made them unable to see when they had located the centre, and thus 


1 i o- op H 
engthened the time between hitting the bull's eye and initiating the return movement. 
in previous experiments 


(ea behaviour is interesting in view of the tendency noted 1 
eported by Welford, 1951) for older subjects to look away from a display to what 
here is the important 


uu am doing. Between the earlier experiments and this, the E 
hn ence that whereas in the former the visual information obtained might se ae 
mi me usefulness, in this experiment vision was excluded, and the postural adju: 

ents must therefore have been made for some reason other than the obtaining of 


visual information. . 
d What this reason is can only be conjectured at present, but two possibilities 
eserve consideration: First—that the postural adjustments 1n Condition B were 
pases of action transferred from the preceding ition À and may be regarded 
a ue to the persistence of a habit and inability to “unlearn a useless action—this 
servation has precedent in an experiment carried out by Kay (reported by Welford, 
1951); second—that the proprioceptive data resulting from the postural adjustments 
in some way aided the older subjects in locating the centre? of the targets. In other 
words, the older subjects required more data in order to Carry out the task, and they 
obtained it by reinstating the postural adjustments made in Condition A. l 
While it is impossible definitely to choose one of these possibilities to the exclusion 
of the other on the data from the present experiment—it would, indeed, be very 
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difficult in any experiment—such evidence as there is seems to favour the second 
rather than the first. For not only were the older subjects less efficient without 
vision, but also they were in many cases unable to carry out the task in Condition B 
at all unless they had done it first in Condition A, although they inspected the display 
and the targets before the experiment began. Thus they illustrated what Sherrington 
has described as “the inefficacy, as a means to arrive at a new motor correlation, of 
instruction merely verbal, or of ideas constructed without motor experience." Clearly 
something transferred from Condition A enabled the older subjects to carry out the 
task in Condition B, and it seems reasonable to suppose that this was a series of 


proprioceptive patterns. 


The experiment was originally suggested by Pro: 
carried out under the general supervision of Mr. A. T. Welford. Mr. J. A. Leonard 
and constructed the electrical circuit, in consultation with Mr. N. T. Welford. The wr 
wishes to thank Miss V. R. Cane and Mr. A. E. D. Schonfield for some helpful criticism. 


fessor Sir Frederic Bartlett and was 
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he writer 
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THE OPERATION OF AN ACQUIRED DRIVE IN 
\ SATIATED RATS 


BY 


K. DANZIGER 


(From the Institute of Experimental Psychology, Oxford) 


namie ee four short”experiments indicates that the behaviour of satiated rats in a 
the Behaviour ie of which they have previously been rewarded, differs significantly from 
former OU s ined rats without previous reward in the experimental situation. The 
the runwa P the end box more quickly after having been put in the starting box of 
just Té GRE id if provided with food in the end box proceed to eat it, although they have 
defective E lar pieces of food in their home cages. This is shown not to be due to 
in the end RARE or the operation of fear in the control group. When runs and feeding 
still shows Ox are separated during the training period, the previously rewarded group 
expectanc a mere vigorous response on satiated trials, indicating that it is a reward 
autonomo, about the goal box rather than a running habit which has become "functionally 
us,” acting as a situation-specific drive. 


Mosrexher i INTRODUCTION 
becaüse erii on animal learning make use only of the basic physiological drives 

of their dependability. The result is that the animal almost never gets an 
have to learn drives as well as per- 
ogists to infer that only the basic 
imates, and Allport (1947), for 
d anim motivation cannot 


> 


c 
Een and motor habits. This has led some psychol 
itu ie d do in fact act as drives in sub-pr 
bé bridged. cludes that the gap between human an 
eae: a few recent experiments have 
Deos estt "ua decal drives in an animal like 
1948, Miles ed that fear repsonses may be acquired (Estes & Skinner, 1941, May 
presented = oe and Mowrer, 1940); that is to say, a neutral stimulus repeatedly 
when nats "if electric shock may eventually produce marked avoidance behaviour 
acquisition f e alone. It is not possible, however, to generalize about drive 
Eitorbine t rom this evidence, as it is obtained from an abnormal situation highly ' 
Dri g to the animal. 
tro bell S acquisition based on the food-seeking tendency is not nearly so well corro- 
shiek ies drive acquisition based on fear. The best report is that of Young (1946) 
18 The ema that rats can acquire specific food habits which may persist in opposition 
Th physiological need of the animal. b 
e well-known work of Anderson (1941) on what he called “ drive externalization ? 


is 5 
perhaps only suggestive. Non-rewarded and satiated rats were shown to give 
been rewarded for learning 


evi 

ue id of maze learning provided they had previously or learni 

techni od But serious doubt has been cast on the efficacy of Anderson s satiation 

SONA e and on the significance of the response measure he used which may have 
up simply some transfer of training effects (Siegel, 1943). 


Apart from mere restatements of observed facts the only attempt at providing a 
tivation has been made by Hebb 


th d n 
€oretical basis for the element of learning in mo 
f an apparently innate drive like 


I 
poe 9). He demonstrated that even in the case o 
ger, there is a learned element when it comes to eating in a particular situation. 


wo LE hunger as an organized neural activity with a motor facilitation of the 
Bytes activities of eating and with numerous connections to other organized neural 
ems, From this it seems to follow that the tendency to eat may be aroused by the 


demonstrated the operation of 
the rat. IR particular, it has 


" 


II9 
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activity of other systems corresponding to perceptions or symbolic activities, possibly 
even in the absence of whatever indications of internal need normally play a part in 
arousing it. If this is so, it would provide a basis for specific acquired drives of a 
rather situation-bound type. Anderson’s “externalization” principle by which @ 
drive at first aroused by internal factors comes, by a process of learning, to be arouse 
by external factors suggests much the same thing. 

But there are difficulties in these conceptions. So far as the acquisition of the 
new element is concerned, it is not clear whether the mere presence of an unsatisfied 
drive in a certain situation suffices or whether it is necessary for a consummatory act 
tooccur. It is also important to know whether the new element operates like an innate 
drive, activating appropriate instrumental and consummatory acts. None of these 
questions can be decided on the basis of existing investigations. ber i 

It was therefore decided to set up a series of experiments designed to show whethe ; 

hunger and food | 


a 


. and how originally neutral stimulus-situations associated with 1 it 
reward were capable of affecting the behaviour of satiated rats. For this purpose 


: A H ight 
was necessary to. measure performance in a very simple situation, such as a stralg 
a minimum an 


runway which the animal knew well, so that cognitive learning was at v 
i z : at the primary 


did not obscure the results. It was also important to make sure th Ts 
drive had been effectively satiated when the animals were tested for the exis 


acquired drives. 


nce O’ 


" 


A t i 
pparatus e with sides 


che 
of plywood 1 foot high and a perforated zinc floor. At either end this runway poe and 


to an enclosure 9 inci.;s x Io inches x 12 inches; one of which was painte! used to the 
used as a goal box. During the preliminary trials, while the rats were gene peri ental 


apparatus, the tops of the two end boxes were coverd by netting. During etting Wa 
trials iats only very rarely attempted to jump out of the apparatus and so then 4 
folded back. ^ The runway also contained three hurdles placed at regular pisi high. 
consisted of blocks of wood the same width as the alley, 4 inches long and 1 A measure" 
They were introduced to slow up the rat's running speed so that any Cep end box 
ment would form a less appreciable fraction of the observed value. The rded trials- , 
contained a shallow white dish in which could be placed a food pellet on rewa x ts 
The whole apparatus was placed on a concrete bench in the same eg t if tbis Yg 
home cages. It was not possible to control illumination from day to day, imental an 
a disturbing factor, which seems rather unlikely, it must have affected expert de : 
control animals equally. Random auditory stimulation in the animal s results. 
produced occasional high time scores, but hardly any consistent effect on t uite à nigh 
the experiments, as the animals, being used to this sort of stimulation, showed d 
tolerance for noise. 


Ye 


Subjects 
The rats used in these experiments all belonged to the same strain of hood They,” ais 
bred originally by the National Institute for Research in Dairying at Reading: ani 
all three to four months old at the start of their experimental training. s io adap’ 
were rejected in the early stages of the experiments for persistent fai ws cation, ole 
experimental conditions, shown by refusal to run, squealing, jumping, dete 


Control of Feeding and Satiation 


For a fortnight before the first preliminary trial the rats were all han io 
experimenter in order tu tame them. During the last few days of this peri at the on 
in the form of dry rat-cake nuts was supplied only once a day for go minutes, plished, 
which period it was removed. In this way a 24-hour feeding schedule was esta? pati 
this was maintained throughout the experiments. It ensured a constant a maple 
degree of hunger immediately before the daily feeding period and a pr etty C rimen 
of satiation at the end of that period. Tests made during preliminary €X = 


TH 1 1 
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indicat i ti 

meh a ve this method of satiation was as effective as more tedious and elaborate 

Shedond was 3 w ould always stop eating spontaneously after 60-80 minutes, so that 
ever removed when an animal was still eating. Water was available in the 


Mo at all times. 

€ food pellets used as an incenti i i ; i 
rat f ncentive on rewarded trials consisted of the same composit: 
"ba end that made up the rats’ daily food ration. They were prepared by adding E 
then CER eras rat-cake nuts, rolling the resulting dough, cutting it into even pellets and 
0:22 gni id ese in an air oven. The weight of the pellets was in the neighbourhood of 
reward mi fatima slightly, but never by more than o.o4gm. Thus a particular rat's 
investigatio a m unte by almost 50 per cent. from one day to another. However, as an 
ILI Mem a reni s Laveno, (1947) seems to show that it needs at least a fourfold 

: unt of food reward to bring about a significant change in th 2 
ehaviour, these variations may be neglected. d à iii dai 


EXPERIMENT I 


like ovine of this experiment was to determine whether 
Previous iwi to a goal-box would be performed more vigorously by satiated rats with 
Meare perience of hunger and reward in this situation than by satiated rats having 
reward in aA A with the runway, but never having experienced hunger or 

ife ence Sy uch a difference in performance would have to be put down to a 
ata minimu. cee rather than in ability, and with the internal innate elements 
Kies m for both groups the difference would indicate the effectiveness of learned 

S in the motivation of the first group. 


P rocedure 


a simple instrumental act, 


ach of the 12 male rats used in the experiment 
ht minutes after it had received its daily food 
appar..tus for a three-minute 


wis tel a period of preliminary handling e 
ration OL the apparatus for a period of eig 
Period is - succeeding three days the rats were left in the 
active eloton OE their daily food ration. The novelty of the situation ensured very 
e rats were Son OF the runway, even though the animals were not hungry. In this way 
was greatly Ll als ery with the experimental situation and their initial fear résponse 
experintextal PES pute there was as yet no association of either hunger or food with the 
O; " 
each. meson day of the experiment the animals were 
their dail a LIH group were given one reward 
succeeding Page ration was due until a total of 12 suci 
having ve days they were given one run daily to an emp 
runs 
the nm empty goal box immediately after satiation. The cruc 
mance of the two groups on the last five trials. p. 
of each trial At the beginning 
entrance eu E rat was dropped into the starting box facing the wall opposite the alley 
he floor Ort hat in order to run down the alley it had to tu As the rat touched 
and stepped e starting box the experimenter started a stopwa: ith two hands 
but f LEE 1 | back behind the starting box to a position in which he was invisible to the rat 
Which he could just observe the entrance to the alley. When both the rat's forelegs 
Stopped, Ty L box the first hand of th 
to the starti he measure obtained was therefore one of the speed with which the rat reacted 
inside the e i box by setting off on its run down the alley. When the rat had three feet 
the first add box, the second hand of the watch was stopped so 
the 5-foot ine second readings gave a measure o t 
Separate p ey. On reaching the goal box after each tria : L sm 
readings w ge for two or three minutes before being returned to its home cage. ' Time 
E ACUTE) taken to an accuracy of o'I second. ` 
cing was not prevented, because the 
and this should show in his time score. 


moti 
aix to reach the other end of the runway, e SCO 
i in this way can be prevented from weighting 


divided into two groups of six rats 
ed run daily 15-30 minutes before 
h runs had been made. On the 
ty end box immediately after 
as given 17 successive daily 
ial comparison is between 


deali: i ^ 
Ing with this type of data. Its statistical soundness is well established (Gaddum, 1945). 


E 


122 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY F 


It may be thought that the latency of response measure would not be reliable berai 
of slight variations in the way the animals were dropped into the starting box, but in fac 
it was found that this measure was less subject to random fluctuations than the running 
speed. 

p On the first rewarded trial many of the animals in the experimental group ate the Ten 
spontaneously, while the others could be readily coaxed to do so by offering the wpe 
pellet by hand in the end box. On all succeeding trials consumption of the reward wa 
immediate and spontaneous. These observations indicate that the tour days of pam 
training were rather effective in reducing the initial fear response to the experimen a 
situation. 


RESULTS 


Running time in the alley and response latency in the starting-box were summed 
for each trial to give the total response time which provided a good composite are 
of performance. This was converted to logarithmic form, and the mean log tota 
response time was calculated for each trial. During the first 12 trials the performance 
of the experimental group improves progressively, but on the 13th trial which is the 
first satiated trial, there is a sharp increase in time, though not nearly to the is ie 
level of the control group. Table I compares the performance of experimentals ee 
controls on the last eight days of the experiment. On trials ro, 11, 7, 12, the expert 
mentals were still running hungry and rewarded. Trials 13-17 are the test trials on 
which both groups are run satiated and without reward. 


TABLE I 
1,000 X Mean Loc Tota RrsPoNsE TIME on Last EIGHT TRIALS 


Trials Em" 
10 1I 12 13 14 15 E sd 
Experimentals "T sal 653 584 581 940 657 800 888 990 
Controls 


-| 1,257 | LI41 | LI40 |1,228 |1,233 | 1,202 ides | 133" 


In testing for the significance of the difference between groups on test trials Mis 
have to take into account that individual performances, by control animals in P? 
ticular, are subject to random variation over a considerable range. This leads to Me 
high standard error estimates which reduce the significance of the difference betwe 


trial means. We can, however, make an overall comparison of the two groups A " 
the five test trials, by taking the average performance of each rat for all the five e 
trials and then comparing the values so obtained for the two groups. In this a 
day-to-day fluctuations will be minimized for each animal and a much n 
distribution on which to do the test will be obtained. 


TABLE II 
Loc Totar Response Time or Att Five Test TRIALS FOR 


Rats 


1,000 X MEAN 


5 6 | Overall mean 


E 5 
Xperimentals 880 776 750 851 862 | I,o10 855 
Controls 


-| 1,296 1,496 1,434 | 1,290 
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E. ies s seen from Table II that with one exception the rats in the experimental 
EP all responding more quickly (i.e. make lower time scores) than those in the 
Tim tog The exception is one rat in the control group which responds faster 
nro se her rat in any group. Notes on this animal show it to have been very 
eS ot only in the experimental situation. This type of gross individual difference 
es occur occasionally in work of this kind, especially if the strain of experimental 
animals is not highly inbred. 
ae log values for the running spe 
ulated, giving a set of pairs of overall mean values which can be c 


the rest. (See Table III.) 


ed and reaction latency of each rat were 
ompared by 


TABLE III 


C 
OMPARISON OF AVERAGE VALUES OF PERFORMANCE OVER Five Test TRIALS 


Reaction latency 


Total response time Running time 
Exp. | Contr. Exp. | Contr. Exp.^ Contr. 
Mean .. 855 1,220 659 1,022 338 647 
P x 2:78 274 314 
P 0:02 0:02 0-01 


For 10 degrees of freedom the 1 per cent. level of confidence is actually reached by & 


tv 
alue of 3:17 and the 2 per cent. level by 2 1 value of 2:76. 
bere results seem to indicate that satiated rats which have previously received 
vins the end box of an alley will reach this end box more quickly, when given an 
unity, than satiated rats which have never received food, there or evén been 


h y, t i 
ungry while in the alley. This difference affects both the speed with which the rats 


e Í 1 H 
ther: aa the alley and the time they spend in the starting box before starting on 


T DISCUSSION 
qne i in the experimental group appear to be motivated to reach the end box, 
event th presumably, they have no need of the food which they have learned to 
on rew d te. One could say that the "reward expectancy , built up 1n a aes 
physi = led trials becomes “ functionally autonomous " by operating even W en 
ological need is in abeyance. h 
mber of experimental 


Comparabl : " 
i : tly in a nu 
Situations e results have been obtained recen r fed to the 
- Zeaman & e shown that à habit that has led t9. 

n & House (1950) have $ at à rn level when the origin al 


Sati: ; ; à 
tu Enn of a light-avoiding drive will persist at qu? ] 
ye d entirely eliminated. This result is especially care because rd 
i spendin i c an, of course, be tar more convincl 
g entirely on external factors C c filer til) reports 


eliminat: 

ed than f ñ ike | er. sing hunger, 

almost e a vegetative drive like hunger. - d in which the 

rrorles -js by satiated rats In a maze in V y 
s performance on first tiar incidentally that a group of rats 


ad previously been rewarded. Webb 1949) found inc 
da ed for both food and water would Can respond to à door be 
mud found food pellets. 
With nicae immediately arises of 
om Por paie i f the original motivation. 
lon that they run off mechanically even in the absence 0 gin: 5 à 
has suggested that any drive may activate any habit, so that in the presen 


whether we are not in all these cases dealing 
which have been repeated so often in a certam. 
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experiment the strong running habit of the experimental group may be activated by 
another, "irrelevant," primary drive, even though the hunger drive has been 
satiated. This effect would not be observed in the control group, which has had xa 
previous reinforced trials and so no habit that can be activated. In order to we : 
between this explanation and one in terms of learned elements in motivation dm he 

experiments are necessary. To begin with the motivation hypothesis would lea us 
to expect an observable effect on consummatory as well as on instrumental a 
If the experimental situation does indeed regenerate an eating drive in the satia e 

rat, then it should show some tendency to satisfy this drive apart from running to the 
food box; it should in fact eat when confronted with food there. In order to test this 
the second experiment was performed. 


, 
EXPERIMENT II 


The subsidiary purpose of this experiment was to determine whether an a 
situation acquired the property of evoking a secondary drive because of its wes ii 
association with ‘the primary drive state or whether a consummatory act in he 
situation was also necessary. This problem is of some importance from the peu : 
view of systematic learning theory, as the rival principles of “contiguity @ 
“effect” are involved. 


Procedure 


as in 
The apparatus and general method of conducting each trial were the epee the 
Experiment I. Ten male rats of the same strain were used. The actual schedule for 


daily ro-minute periods of fr 
ration. In this way they we 


ily 
n da A 


; ; n 
lf an hour before the daily feeding vier d feeding 


mals di 


not eat this pellet within one minute o 


RESULTS AND Discussion 


ood 
° experimental group, four consumed the pellet of : 
ll five satiated trials, within a few seconds of reaching hi 


i this group showed the ji he first two © 
satiated trials, but did not eat the pellet wi a ES pnt 


in the end box, four never touched the foo 


i i tical 
= ie m one of five trials. These results are not amenable to p 
Teatment, because the number of sub 5 are cert? 
suggestive. Jects is so small, but they 


tal and + 


— 


L 
ti iS 


ae 
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Thus the behaviour of th i 
continued ace e experimental group appears to show evi 
e an K some sort of hunger drive after satiation in the dem CRUS fee 
the Dues: id e control group does not. This drive seems to show itself both in 
ey ux i consummatory reaction to take place in the end box and in the 
Ete pt there. The previous rewarded runs seem to have led to an 
ee eee a vd drive, whereby the cues from the apparatus became able to 
that this effect =. lue of drive even in the absence of organic need. Also it seems 
6 Which the drove po on previous experience of reward in the situation 
contro re ak E i ag ; the mere presence of unsatisfied drive, as in the 
is a ioni 

Honda s: oes ee the significance of the present experiment depends on the 
Ksunumalory act miny drive is at a minimum immediately after cessation of the 
With the behavio > eating. Itis important to remember that we are dealing here 
with the Wine ek effects of the drive and that these may not be directly correlated 
quite clearly - of physiological equilibrium. Behavioural studies do indeed show 
pletion of comes primary drive action is at a minimum immediately after the com- 
empiela eee, activity and not at some time afterwards. The best 
recent Cn e $ EE of Koch and Saltzman (1948); Zeaman & House (1950) in a 
number E general problem of the zero point for primary drives quote a 

kapa E of this experiment can hardly 
fhe satuta rom the small numbers involved, every 

oth boi ate employed in really eliminating an. 

i Sacenten in Fu under some residual drive when startin 
group had ne eir behaviour could be accounted for by 
Strong need t ver previously fed in the apparatus and so would have to be-under a 
reluctance - take the plunge" and eat in this unusual situation. Moreover, their 
experiétice ba would be enhanced by the fact that they had had no previous 
on three points: eg pellets provided in the end box. It is thus necessary to check up 
unfamiliar situ; the satiation technique, the effect of fear on failure to eat in a relatively 
tory (7m o and the effect of strangeness of the reward object on consumma- 


carry conviction as they stand. 
thing depends on the efficiency of 
y general need for food. If 
g their test runs then the 
tht fact that the control 


On the 18th 


and lib xs 
i eral quantities of reward pellets in their home cages with t 


Tation, A 1 
fter satiation they were run in the apparatus and provided w. 
Jet within one minute. 


ith a pellet in 
As a further 


then 
len, tha 
With the “oe results of the first experiment were no 
ward object on the part of the control animals. 


Experiment II 
er the eating behaviour shown 


determine wheth: 
been regularly rewarded is due 


have previously 
ther the fail 


Thi ; 
1S experiment was designed to 


Y sati ; 
lated rats in a place where they 


Cad 3 l [ 
new E une, satiation technique, and whe ure of satiated rats to eat in a 
lace in which they have never eaten before. 


lad is due to fear of eating inap V 
atiation technique used consisted in daily feeding periods on rat-cake, but 
ished eating this, was fed experimental 


on t e 
test day, each rat, after having fini 
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reward pellets by hand until it repeatedly rejected them. Then it was immediately 
given its test run with a pellet in the end box. If it ate this pellet, when it had just 
refused an exactly similar one in the home cage, this could hardly have been due to 
defective satiation. 

Most rats are shy about eating in an unfamiliar situation. But when they have 
oncé been coaxed into eating in a place, they will always do so again spontaneously 
on the next occasion. Hall (1936) has shown that a sharp drop in emotional behaviour 
occurs when animals have once eaten in an unfamiliar situation. The control group 
in the present experiment was therefore given a single rewarded trial when hungry, 
a few hours before the test trial. Their single experience of eating in the end box 
should have removed their inhibition about doing so, and so if they still did not eat 
on the satiated trial, this must be simply due to the effectiveness of the satiation 
procedure. But a single eating experience in the end box must have begun the pro- 
cess of “externalization,” and so the results of this group would probably not be 
quite as negative as those of the control groups in the first experiment. 


Apparatus, details of procedure, preliminary training, feeding schedule and reward 
pellets were the same as in the first two experiments. The subjects were 17 male rac. 
9 experimentals and 8 controls, of the same strain as those used in the previous experimen 
and about four months old at the start of the experiment. After four days of ten-minute 
exploration periods in the runway, all the animals were given three runs a day for t o 
next three days. This method was adopted to save time. Both groups were run 13 
minutes before their daily feeding period; the experimentals found a food pellet in e 
end box, and the controls were removed from the empty end box after 30 seconds. her 
was a five-minute interval between each of the daily trials. This was spent in a sma” 
special cage kept for this purpose. On the next day, the test day, the procedure was * 2 
same for both groups. " There was one rewarded trial when hungry, then the satiation 
procedvre already described, and finally the test run immediately afterwards. The ani. 
were gjven one minute to consume the pellet provided on this run, and if they had ne 
begun eating at the end of this period, they were gently offered the pellet by hand while 
the end box for another two minutes. At the time of the test-run the experimenfal Loud 
had therefore had 1o previous rewarded trials, while the control group had had nine s 
rewarded and once rewarded trial. 


RESULTS AND DISCUSSION 


All the nine rats in the experimental group consumed the pellet on the 
but only three out of eight in the control group did so. These results can b 
up in a 2 X 2 table and treated by Fisher's exact method. This gives a pro 
just less than o-or. Applying Yate's correction the table also yields X? value 
which gives a P value just above o:02. The difference in the eating behaviour © 
groups may therefore be taken as statistically significant. test 

Testing the difference in the mean running speed of the two groups on the MH 
trial, a value of 2-85 is obtained, which at 15 d.f. is significant at the 2 per cent- s d 

The results of Experiment II both with regard to the consummatory reaction f 
the instrumental running activity have therefore been confirmed. That rats Tite 
have just rejected a food pellet in their home cage will run much quicker than sati 
rats normally do to a box where they know another such pellet to be and t Tt als? 
this pellet suggests that the eating drive can be aroused by specific situations. F 
suggests that the effecte-of such situations are surprisingly independent of one ano iie 
so that satiation in one does not make a fresh arousal in another situation impo5? al i$ 

The fact that as many as three out of eight animals did eat on the test tri eri 
perhaps surprising. It will be remembered that all eight rats had eaten in the put on 
mental situation once before, so that there could be no question of a feeding inhi 


test rum» 
e drawn 
bability 
of 524 
f the 


T" 
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due to ]. nyt, 5s 
rather cii i a We can only conclude that either the first rewarded trial is 
effects, or else the "Ps nt than Any Succeec Ne ones in setting up “externalization” 
only be tested = í externalization needs only very few trials altogether. This can 
learning Sed E epa experiment. General considerations about the shape of 
Borken en the rapid learning of determining sets at the beginning of the 
ale i ince possibilities likely ones, however. 

ere o Paen eene have reported eating or drinking by ra 
and drinking i considering their results it is important to remember that eating 
activities” lin e any other consummatory act, may appear as “displacement 
consummato me 1940), when another drive is strongly aroused while its own 
satiated rats A c n not possible in the situation. Eating or drinking behaviour in 
specific drive if ^ y be taken as evidence for the operation of an acquired situation— 
Performed b 3e are no other strong drives operating at the time. An experiment 
to "ibas iller (1948) provides some interesting data on this point. In order 
water reward e displacement drinking two groups of rats were trained to run to a 
P eae f in a runway similar to the one used in the present investigation. One 

hen run satiated for both food and water and another group was run 


un, : 
Eur thirsty. There was some drinking at the end of the runway by the 
p, but much more by the second. The difference between the amounts drunk 
but this does not account for the 


Ferias E ch is due to the displacement factor, 
C Du. he first group, which was presumably due to a situation-specific thirst 
they ha w (1937) has also shown that satiated rats will eat (a) in a place in which 
ve previously eaten, and (b) in certain situations which seem to involve 
ng due to a situation- 


confli é à 
ct for the animal. By the present interpretation we get eati 
the second. 


Speci 3 Fane 
fic eating drive in the first case and displacement eating fu 


ts satiated for 


^ 


EXPERIMENT IV " 


INTRODUCTION 


In à ; ‘ 
all three experiments reported so far the behaviour of the rats on satiated trials 
previous rewarded trials. 


as pe 
e ons Ned similar to the behaviour they displayed on y | 
Controls ha e experimental groups have undoubtedly learned something which the 
ut what i ve not, and this results in their different performance on satiated trials. ` 
actions of is it that has been acquired? Is it a tendency to repeat mechanically all the 
the rewarded trials irrespective of primary motivation, or is it some dynamic 


ET N 
3 hoe to the situation? 
tote to answer this question, the preliminary running to the ent box of the 
animals w. was separated from the obtaining of reward there. The experimental 
Tun fiitar um at no time run to an end box containing food, so that if they were to 
habit, N. on satiated trials, this could not be due to the persistence of the running 
no UD could it be due to the sensitizing of a habit by an irrelevant drive, because 
rats in LA was given for any habit to form. If one now gives food to the satiated 
0, will m box in which they have previously been fed, will they eat it? If they 
afterwards xd still run to that box faster when given an opportunity immediately 


Procedure 
T ^ : n 
'ou d Arara and control of feeding and satiation were the same as in Experiment I, 
n female rats of the same strain were used as subjects. Running time and latency 


Of res; 

eni were measured in the same way as before. 
apparatus zor the first four days of the experiment the animals were allowed to explore the 
eely for five minutes, a short while before their daily feeding period. On the 


E 
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next five days they were each given a single non-rewarded run daily when hungry. The 
purpose of this nine-day preliminary training period was to allow the animals to familiarize 
themselves thoroughly with the runway. On the roth day the animals were divided into 
two groups of seven rats each. The end box was shut off from the rest of the apparatus 
byasliding door. Aboutan hour before their daily food ration was due each of the 14 rats 
was placed directly in the end box and allowed to remain there for two minutes. About 
20 minutes later they were put into the end box for another 40-second period, and 20 
minutes after that for a final period of 40 seconds. A little while later they received the 
daily food supply in their home cages. The only difference between experimental and 
control groups was that the former were allowed to consume a quantity of food in the end 
box while for the latter the end box was empty. Thus the end box was associated with 
reward for the experimental group, but that reward had never been preceded by a run 
down the alley. At the end of the usual daily feeding period each of the animals was once 
more put in the closed end box for a period of 40 seconds. On this occasion too, the end 
box was empty for the controls, but contained food for the experimentals. At the end of 
the 40-second period the animal was lifted out, the sliding door was removed, the animal 
' was taken to the starting box and was allowed to run down the alley in the usual way, its 
time being measured. The run led to an empty end box for both groups. A 
On the 11th, 12th, 13th and 14th days of the experiment the procedure was to give 
each animal a 40-zecọnd period in the closed end box about 30 minutes before the daily 
food supply, and then to give them one run immediately after satiation, without any 
further stay in the end box. The end box was always empty for control animals, but con- 
tained food when experimental animals were introduced for their 40-second stay. It never 
contained food on satiated runs. 


RESULTS 
As in the first experiment the two response measures, running times and latency of 
reaction were converted to their logarithms and mean log. values were calculated or 
each trial. Table IV gives these mean values for the running speed on the last SIX 
days of' the experiment. Asin Experiment I, log. values are multiplied by 1,000 to 
eliminate decimals. , à 


TABLE IV 


1,000 X Mean Loc RuNNING Time on Last Six TRIALS 


Days me 


Experimentals 1,0901 | 760 | 1,013 | 972 | 918 


981 | 1,255 | 1,148 | 1,334 | 1,194 | 1044 


Controls 


The ninth day, is the last day on which both groups are run hungry and witho 
reward. It marks the end of the preliminary period of familiarization. een 
subsequent days the animals are run satiated, but the experimentals have. ent 
receiving short periods of feeding in the end box. The procedure on day 10 15 diffe ie 
to that on other days in that a period in the end box immediately precedes 
satiated run. For the experimental group the end box contained a pellet of lr 
this occasion as usual. Now, although they had just refused any more fo . the 
home cages, all seven arimals in this group proceeded to eat the pellet available dE 


end box. It will be seen that their subsequent run was rather slower than any jes» 
lated samP 


run, whe: 
the difference in performance of the experimental group on days 1 


1 valueof 6:04 which makes P<o-oo1. The difference between the two daysis t 


n this extra pellet was not provided. Using the method for corre ‘elds 2 - 
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not likely t 

average A ae -—À chance fluctuation. The last two columns in the table give th 

naa ius i» five preliminary hungry non-rewarded trials and for Fhe last 
or each group. The difference between running speed during 


hung 
ry and during satiated trials are significant for neither group. 


: TABLE V 
EN Mean Loc RUNNING TIMES OF 


SIGN 

NIF 

FICANCE OF DIFFERENCES BETWE 
s DAvs AND GROUPS OF DAYS 


Expr: 
ERIME 
IENTAL AND CONTROL GROUPS ON VARIOU 


Days 
9 10 | | 
Jo p] a e, 
<| 0287 1:76 2:73 0:073 2:64 1:99 
P,.. ij 
«o8 o1* «002 >09 0:02* ESO 


For 12 
degrees 
val of freedom a P : i 
L ue of o-o2 requires a / ee yolu of o-1 actually requires à 1 value of 1:78 and a 


The Ci : 
omparison between the average performance on days 5-9 and on day 9 


Separate} 

groups ok pe that there was no significant difference in the performance of the 

noted that the Fo were subjected to different experimental treatment. Itis to be 
ifference on day 1o is in the opposite direction to those on the following 


ays, i, ; 

Similar n tys dày the controls are faster. e 
that lie in Sie using reaction latencies instead of running times give, results 
ifference ^ra same direction, but are less significant statistically. However, the 

ween reaction latencies of experimentals and controls on day 11 is still 


Signi 
cows at the 5% level 
at m pues : 
retardation e be explained, therefore, is the fast performance of controls and the 
of P UE on the first satiated trial, the extremely fast performance 
Performance í S on the second satiated trial, and the persistent rather faster 
of experimentals on subsequent satiated trials. 


DISCUSSION 


A TUNE 

that "en interpretation of the difference bet 
Teaction ee of confinement in the closed, emp 
his would ch the control animals may have had initially to this 
e experimental haan jie approach the end box more slowly on satiated trials than 
at of hunsr al animals, The activity level of satiated rats is, however, well below 
ungry rats TUI rats, and an unpublished experiment of the writer's showed that 
ough neither always run faster in this type of apparatus than satiated rats, even 
group receives a reward. What must be explained in the present 


perime r 
nt, therefore, is not why the controls tend to run more slowly on satiated 
doso. In any case, if the control animals had 


this would show in-their score on the first 
only taken a5 completed if the animals 
But in fact five of the seven animals in 


ween the groups on days 11-14 is 
ty end box strengthened any fear 
part of the apparatus. 


ex 
trials 

acqui ey why the experimentals fail to 
satiated p fear reaction to the end box, 

ad three E (day xo), because the run was 
is group ed actually inside the end box. 
they haq ctually entered the end box more quickly on dayato than: en Ee i 
ever been confined there. l 
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So far as the main object of the experiment is concerned, there is no evidence for 
the formation of a "running habit" on days 5-9. The mean time score on day 9 is 
actually well above the mean for all five days, so that if anything, the animals are 
slowing up as they get completely familiarized with the runway. Their tendency to 
run to the end box much more quickly than the controls on day 11 and rather more 
quickly on the following days is therefore not due to the persistence of a running habit, 


ther sensitized by an irrelevant drive or running off mechanically. A possible 
ls on satiated trials 


130 


whe 
explanation of the faster running times of experimental anima. 


might be given along the following lines. The animals presumably have some 
memory of feeding in the end box, which is probably related to an expectation of 
ts like a 


feeding there again. Now what seems to happen is that this expectation ac 
motive in that it activates behaviour which is likely to lead to its satisfaction. In 
the present setting the animal makes use of previously acquired information about the 
runway in an attempt to bring about the satisfaction of its expectation of being fe 

in the end box. That this can occur in a hungry animal has already been shown by 
Seward (1949), who first allowed rats to explore a single unit T-maze thoroughly, then 
fed them in one end box and immediately afterwards gave them a free run from the 
starting box. Almost all the animals ran to the side on which they had just received 
food. Seward’s animals were still hungry when making their choice, but m 9: 
present experiment the reward expectation seems to be operating independently 9 
the primary drive. This too, is not entirely unknown, for MacCorquodale & Mee i: 
(1949) found that rats satiated for both food and water would gradually prefer tha 
side of a single unit T-maze on which these incentives were provided. 


The effect we have been discussing only appears in pure form on the irth day of 
the experiment. On subsequent trials it is much less well marked because ; 
animals are presumably acquiring a discriminative expectation as a result of pum 
repeatedly not fed when reaching the end box at the end of a run. Presumably) 
whereas before the expectation was simply, "' food in end box,” they are now beginnine 
to distinguish between “food when put in end box,” and “no food when ronnie a 
end box." The fact that differences between groups are less well marked on gets 
latencies than on running times is probably due to the difficulty which the rats € 
in distinguishing the starting box from the end box. Before they learn to some 
immediately to the brightness difference, the experimental rats probably spend d 
time looking for food in the starting box and this will increase their latency SCO" t 

The results of the roth day must now be considered. On that day the experimen 
animals all:ate the pellet of food provided in the end box, even though they dier 
supposedly satiated, and showed a rather retarded performance immediately f TIL 
wards. The eating behaviour is in line with the results of Experiments II an have 
and incidentally, it shows that it does not depend on a previous run which nero out 
built up an energy debt. It is apparent that the end box instigates eating beh? 


. i those 
irrespective of what eating may have taken place elsewhere, It is also clear pat nich 


situations which are capable of instigating eating behaviour are situations 3 5 dit 
the animal has fed previously; they are the situations too, in which, as We P p o ea 
ain. In other words, expecting to eat and wanting sigh 


above, it expects to feed ag; i n 
are equivalent here, and a “reward expectancy” seems to be acting like Fuss? 
specific motive. The wider theoretical implications of these views will be 4 
elsewhere (Danziger, 1951). 

What happens on day 10, therefore, is that the specific re 
feeding in the end box is satisfied before the run and so cannot act 
animals therefore run, if anything, more slowly than the controls. 


out 
ward expectancy ae 
asa motive that 
It is poss! e 


NET 
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there m Hace 

teristic. ur be an inhibitory effect involved, but this will require more experi- 

tentative y any case, the views put forward in this discussion are at present onl. 
await further experimental exploration and confirmation. s 


CONCLUSIONS 

T = " j 

lata ar of satiated rats seems to indicate that when rats have had some 
Situation is able pes ina certain situation, the reward expectancy connected with that 
away that the sina aue in the absence of any physiological hunger drive in such 
Obtlierreward. a imals display the sort of behaviour that would lead to the satisfaction 
. Thus when i es. ina constant environment. 

internally arous dd ency to eat is aroused by the external situation it acts like an 
store daom tic rive in that it activates learned instrumental acts and utilizes 
impossible Ee e Satiation of a primary drive in one situation does not make it 
associated wit " iferent situation to arouse this drive agam. But only situations 
need state ac ilt consummatory act and not those associated with an unsatisfied 
Suggests that Tis the capacity to rearouse the drive in the satiated animal. This 
autonomous.” process may be one of a reward expectancy becoming “ functionally 


ay 
Sii perdi ag. action approp 
Semt operation of the secondary drive. 
o differ from those of men. 


portant for the 


riate to the primary drive is im; 
d drives of rats 


In this way the acquire! 


hrey and Dr. H. M. Sinclair for supplying 
is advice and er couragement. 


I wis . 
e ao m express my thanks to Professor Hump 
rch facilities and to Mr. B. M. Foss for h 
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THE TIMING OF RESPONSES TO SPATIAL PERCEPTION 
QUESTIONS 


BY 
V. R. CANE and V. HORN 


Fro: ; 3 , 

(From the Medical Research Council Applied Psychology Research. Unit, Cambridge) 
patial perception suggests 
differ from their approach 
dence for thinking that the slower subjects 


Score ; 
more highly, and that practice in a given type of pro 
provide a new interpretation of some 


effe A 
cts previously observed in repeated retesting of the same group. 
ed incomplete block,” in which 


^ 


I 
AIMS OF EXPERIMENT 


This research was originally undertaken as a basis for preparing a number of 
h a group of tests to enable 


se elsi of spatial perception. We wish to have suc à 
eserves estigate, for instance, the effects of practice and of certain sorts of teaching. 
occasio, nquiries would require the testing of the same subjects on more than one 

The She there are obvious objections to using the same test repeatedly. 
sort of apes Analysis Test, consisting of six types of questiens each requiring some 
all, go — manipulation of shapes, was prepared. There were 540 questions in 
» 90 of each type, and our aim was to sort them out into a number of equivalent 


Sets, P m 3 
Ees We decided that two questions, could be regarded as equivalent if they were of 
me type, if the same number of people in a given population answered each 
h was about the same. This last point 


Co , 
Pal and if the average time spent on eac e 
tests nm: think, been considered before but is clearly of some importance where 
some s with a time limit are concerned. It was necessary, therefore, to devise 
also the ti od of recording not only the answer of each subject to each question, but 
later, ime he spent on it. The apparatus constructed for this is described in detail 


Sin ; , 
ce the time records were necessary 1n any 


Same e: i 
X H : iri 
periment make some preliminary enquiri 


and s i i : 
€ Score of subjects, and between the difficulty of a question and the time spent in 
e complicated, as be 


doing i s 

seen fro: This did not in fact make the experiment mor : 

intelli m the discussion on the experimental design. We also gave the subjects an 

Sha; gence test so as to be able to compare their score on this with their score on the 
pes Analysis Test. 


case, We decided that we might in the 
es into the relation between the speed 


II 


I. Subjects MzrHoD OF EXPERIMENT 
.. We cho: j " 
Since 5, 5198€ as our subjects 13- ani 14-year old children at a secondary modern school. 
Em d is known that the ability deti th this sort of visua* material depends on the 
O aj Sex of the subject, it seemed reasonable to take equal numbers of each sex and of 
fherefor groups from a population that was in other respects fairly homogeneous. We 
14-yeaj e took four batches each of 3o children, T 3-year-old boys, 1 3-year-old girls, 
TA I-Old boys and 14-year-old girls, avoiding as far as possible children from the 


sti » 
ream," who were the worst by the school’s standards. 
133 
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2. Questions "m 
Of the six types of questions (called A, B, C, D, E and F), A, B and F were three-dim 


sional though represented in a plane, and C, D and E were two-dimensional. A E. 
required the subject to supply his own answer whereas D, E and F offered a choice o: 


FIGURE 1 


EXAMPLE QUESTIONS 
THE SHAPES MAY BE TURNED 
IN ANY Way. 


B $g3-dimensional 


A 3-dimensional 


mc 


are 
How many units like the small figure are Which two of the eight lower figures ^» 
needed to make the large figure? 


m: 
needed to make the figure above the 


D 2-dimensional 
C 2-dimensional 


Lr 


How many units like the small figure are Which one of the lower figures 
needed to make the large figure? remain if the top left figure 1$ 
x from the top right figure? 


E 2-dimensional 


F 3-dimensional 


o D 
ege 


[ 2 All 
à; i 
MM of the five ae figures cannot Which one of the lower pos pom 
e made from a number of units lik in i is take 
eoan ike the remain if the top left figure is 


the top right figure? 
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answers. B offered i i 

Bone r a choice of 28 alternative answers, and therefore it w i 

( pa ape Aand C than the multiple-choice ones, D,Eand F. The m age 
ees. nn em into five sets of eighteen each, balanced in difficulty as far as we could 
cx mesa : s were called At, A2, A3, A4, and A5; Br, etc. to F5. Each subject did 
had to do s 8, me from each of three types, making 108 questions in all. The subject 
ne amp es of the relevant type of question before embarking on the test proper. 
Ciples ee (some of which are shown in Figure 1) are simple illustrations of the prin- 

tamea t ed. The test questions themselves are in general much more difficult, as 

o produce a test of a very high level. 


3. = ed and Answer Recorders 
E SEA Recorder was made in the laboratory wor 
the ink line AEN pens, each controlled by a solenoid w. 
asiditime mari e paper to move, sideways about an eighth-o 
| Dens is co: ker and plots time intervals every five seconds. 
nnected to one of the Answer Recorders, thus allowin: 


simultaneously, 
€ answer sheet completed by a subject is in the form of a roll of paper with small 


kshop. It is an ink-writing - 
hich, when energized, causes 
faninch, One pen is used 
Each of the remaining six 
g six subjects to be tested 


N 


rectan; Y 
Each Lien] pace. ($ in. x xf in. and à in. apart) printed along the length of the paper. 
1$ asked to s numbered serially to correspond with the question numbers, and the subject 
The Ee his answer in the appropriate space. 
Which the s pes is inserted in an Answer Recorder which has an aperture through 
answered a ubject can see only one numbered space at a time. When the subject has 
Next blank question, he at once turns the knob at the side of the machine and so brings the 
answer space into view. 
rates a contact so that all the time 


nob i i e 
is being turned the circuit to the solenoid, controlling one of the “Answer pens, 
d fro across the paper 


n 

vig ian made and broken, causing the pen to move to an p 

Tegistereq n recorder. Thus the turning of the knob on any Answer Recorder will.be 

ber y the movements of the appropriate pen, and at all other times the pon ail 
-and-fro 


is bei; 
of th 


ecordi 5 : 
Marks js us ss E traight line. The length of straight line between each group of to- 
4 Tesi refore a measure of the time spent on each question. : 
E tmd Technique s . 
CI P : 
20 schoolchildren were tested in groups of six. General instructions were first 


given to 

Made of ied group of subjects on the use of the Answer Recorders. No mention was 
Question, but if Recorder. Subjects were told that an answer was to be given to every 
about th. ut if, after considering a question for some time they were still uncertain 
in, emphasized that there 
im 


e z om 
no tineis er, they should guess rather than omit it. ]t was e 
ed on ne limit and it was clear that the children did not realize that they were being 
Rech ie questions: 

was given a book of questions and the i | 
: à (in accordance with the plan [n 


Series th 
the exper, first 36 questions of the 108 he was to answer e with inch the 
: ro example 
ding the first two examp is borne 


e 
anew E wae In addition to understan 
tarting fert supplied, subjects had to answ 
peri hild en proper. Individual assistance 
Mn cont erstood the principle of the 
Rh he qu pleting the example questions was useful not only 1n. 
ecorder. 4 estions, but also for some exp manipulation O 


er correctly two 


iven when 
was gv e Á The 


After , i 
nd q answering the " " wo s were given a res 
after whid their nana agile pes feet completed the second. lot of questions 
answered th they stopped for another break and school dinner, and in the afternoon 

in th € third book of 36 questions. Each child spent one complete SC 
‘© experiment, 


III 


y n EXPERIMENTAL DESIGN AND THE ; 
-0 Compa ere are six types of questions and 90 questions of eac 
it Was c = questions of the same type in respect of difficulty an 

ar that a somewhat complex experiment was necessary. 


ANALYSIS INVOLVED IN IT 

h type; and we wished 
d time spent on them, 
It is not enough to 
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give the go questions several times over in the same order as some positions may be 
more favourable than others—e.g. late in the series if there is a learning effect, or 
early in the series if there is a fatigue effect. Moreover there may be transfer between 
individual questions. Ideally we should like to give the questions of one type im 
all possible orders, or at least so that each occurs equally often in each position; 
but even if we could do this, we should still have no means of comparing the difficulty 
of different types of questions, which is interesting if not essential to our immediate 
aim, nor could we make allowance for the transfer effect which may occur between 
types of questions, a matter which would need attention at some stage in the construc- 
tion of the parallel tests. It was therefore decided that in this experiment each sub- 
ject should do a series containing more than one type of question, that each question 
should be done an equal number of times and with an equal chance of being in any 
particular position in the series, and that each pair of types should be done equally 
often together in a series. 

It was thought that a convenient number of questions for each subject to answer 
was 108, 36 from each of three types. We arranged thirty sets of 18 questions, 25 
explained before, and each subject did six of these, two from each type, e.g Ar A5, 
B2 B3, C4 C2. (See Experimental Design in Appendix.) To begin with, these sets, 
rather than individual questions, were treated as the units. The subject did two 
sets from each type so that practice effect could be observed directly, that is a Ot 
parison of the performances of the same subjects on the same type of questions cou 
be made; they were done in immediate succession so as to cause as little interruption 
in the experiment as possible. The questions within a set were randomised by means 
of a random number table each time they were used. In this way, each question 
had an equal chance oi appearing in each position in the set, and the design of the 
experiment ensured that each set appeared equally often in each position in the genie. 
Also questions of type A, for instance, were preceded equally often by each atiis 
type, and were done equally often in each position by each batch of subjects. It is 
thus possible to assume that the total scores on different questions were compara a 
in respect of learning or fatigue effect, effect of transfer from one type to another 
and effect of age and sex of subjects; that is, two questions of equal difficulty voa 
not appear to be different merely because one was more often done late in à t 
or by boys, or after some other type of question that was particularly favoura t 
It was still possible, however, that the difference between two questions in differen 
sets would be affected by their bei indivi E. pility 2? 

: y their being done by individuals of very unequal ab en 
e Appendix). Apart from this adjust e 
ype, all the estimates of difficulty of ques a 
or by types, were made from the total number of right eg 
subject was estimated by his total score, " He 
ty of the questions he had to do. The a 
and ability of subjects were not, of CO" 


first approximations. ent 


E ight or ] from 
subject, ra 8t or wrong answers, which could appear es 
im ds D 1n any position in the series. Therefore hm makin 
question and its dif alty Aen by a subject and his score, or the time spent 9^, 
culty, we wished to discover whether there was any differe” 


(m 


good subject was an intrinsically slow wo 
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H i : 
it eain pim to give a right answer and to give a wrong answer. If for instance 
"e paid a er in general to get a test question wrong, perhaps because less attention 
he had o studying it, then the subject with high scores would be slower because 
m more right answers, and the difficult question would be done more quickly 
se it had more wrong answers; and yet it would be misleading to say that the 
Thusity rker or that the hard questions took less time. 
ae orit necessary to work out whether there was any consistent effect of this 
iierelore € looking for other effects concerning the relation of score and time. We 
groups dicm separately each set of eighteen questions and each of the four 
in icons hildren doing them and, after making an adjustment for the difference 
pared th ance of the subjects and difference in average time of the questions, com- 
e total time spent on right answers with the total time spent on Wrong ones. 


he mar = 
re was very rarely any significant difference between these two times, and as the 
ess and sometimes 


e 
enim not consistent, the right answers sometimes taking 1 d som 
we felt th d hin as also the average effect, for each type of question, was insignificant, 
The men we were justified in neglecting even the significant cases. 
as th of the analysis of the time measures could then be madé in the same way 
at of the scores. 
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IV 
RESULTS 
At the end of the analysis we had the following estimates: 


(i) The score and speed for each subject, ‘ 

(ii) the difficulty (within its type), and the mean time taken, for each question, 

(iii) the relative difficulty of, and time taken by, the different types of questions, 

(iv) the total effect of practice on score and on time, not distinguishing between 
types of questions, 

(v) the time and score for batches of subjects of different age and sex. 


(i) and (ii) were plotted on scatter diagrams, which are not given here. The 
regression line of Figure 2 summarises the relevant information about the UN 
of score and speed of subjects, and a set of two by two tables (see Appendix, Table I) 
Shows how far questions which are above or below average difficulty take more or 
less than average time. A 

The scatter diagram for (iii) is given above (Figure 3). For each type of que 
and each batch of subjects, the average number or correct answers is plotted agains 
the average log-time taken. Thus there are four points corresponding to each ty k 
and these are linked by straight lines so that the difference between types can 
readily seen. for 

On the results of (iv) and (v), two analyses of variance were performed, one 10 
Score and one for time (see Appendix, Tables II and III). ne 

It was found that the Position of a set of questions did not affect its score, ' t 
there was no fatigue or practice effect, There was, however, not only a significan 
difference between the scores of boys and girls, and between 13- and 14-year olds, 


I H B e 
as was expected, but also a significant age and sex interaction. In fact from th 
followitig table of total scores, 


Boys Girls 
13-year old T .. 1040 786 
14-year old T ++ 1095 979 


it can be seen how much more girls improve than boys between 13 and 14. 


k ‘ sition, 
_ The time spent on a set of 18 questions was significantly affected by its [ons 
in fact the time decreased by ab 


and the next. The drop was 


M 


ê Discussion ime 
The most interesting results of this ex he tia 


periment are those involving - made 


o far as we know, very few systematic enquiries have bee been 
me taken and correctness of answer, and those that have ^" |. 
erally been for a rather different purpose. For instance, 


ud 


TIMING 
OF RESPONSES TO SPATIAL PERCEPTION QUESTIONS I3 
9 


and Boring (1926), McF 
tend to 26), McFarland (1930) and Slater (1 8) have all : 
to i utn C wid fast or slow in their E Les wv 
that the level of ciiin rate of response of a subject. Macleod (1929) eigo. 
we have only e culty of a task affects the correlation between speed and accuracy; 
and that rather 2 ed ourselves with the relation at a constant level of difficulty, 
tests should prov me one. If what we have found with this particular series of 
now have been = o be true with all sorts of tests, many of the effects which till 
better de wea pepe in terms of score—as, for instance, that on timed tests the 
Ones—may ches ie es circumstances, improve more with practice than the poorer 
Possible to connect m actorily be expressed in terms of time, and it may even be 
alternatives. Fo Uude spent with some set of decisions that have to be made between 
an answer right a example, when we investigated whether it took longer to get 
difficul b: das han to get it wrong, for similar subjects on questions of similar 
type uri pain that, although the differences in time were insignificant for each 
choice question separately, on the average it did take longer in the case of multiple- 
supply his ew and less time in the case of questions to which the subject had to 
Were pooled, c answer. (In fact, when the results for questions of the latter type 
effect, ite answers took significantly less time than incorrect ones. The 
agree with Pie im small, the ratio of the two times being about 1:06.) This would 
ikely be found FE that in the multiple-choice case the right answer would more 
Choice case the 1 all the alternative answers Were considered, whereas in the free- 
Set of eene answer would be found when the subject was offering himself a 
Unprofitable m possibilities only, successfully limiting his field of enquiry to cut out 
ernatives. It should be possible to devise experiments of a kind other 


an the 

, Two i erra Ni test to explore this. 

(i) that ee which are most interesting, especially 

qne decre: ce considerably diminished the time spent on such a test (in fact, by 

ittle if any e between the first and sixth sets of eighteen questions), but had 

Ower average ect on the score, and (ii) that the better subjects tended to have a 

&roup Odd e If this applies in general (at least with tests difficult for the 
), it means that when a test with a time limit is first given, the poorer 


Subjects wi 
aximum meu more of the test in the given time and so approach nearer to their 
Same subject re than the better subjects do. If, now, the test is given again to the 
Questions s they will all tend to work faster, but the increase in the number of 
t to the good subjects, who will get more 
e than do the 


e their scores mor 
eated 


when considered together, are 


orse ones : 
Tetesting i may possibly be the explanation of the results found in rep 
lon of t he same timed intelligence test (Cane and Heim, 1950) for an examina- 


(i) 5s à s given there shows that 
Tei in the number attempted is at least 55 per cent. over ten testings, 
ie. th s the Increase in ratio of correct to attempted is at most 16 per cent., 

e most important effect of practice is improvement in speed, 


(ii) b 
etter subjects work more slowly than poor ones on à difficult test. 


he exi 
between i. of a time limit in such a test will thus tend to minii 
Practice e jects, but this can be partly offset by giving the subjects preliminary 
Onger 4 n a similar test. If, in addition, it should be generally true that it takes 
i ht than wrong, then t 


treatme Bet @ multi hon 
Me: | a multiple-choice question MS 6 
be even gee hich a test with a tin loci extends to the weaker subject would probably 
he ater in a test composed entirely of multiple-choice questions. 

i bjects tend to work more 


Temark ; 
ark in the previous paragraph, that better su 
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. slowly than poorer ones, needs a little modification. As will be seen from Figure 2 
the relation is not linear, the very slowest subjects (at the right hand side of the 
graph) showing a decline in score. Similar effects have been observed when intelli- 
gence tests have been given without a time limit (Cane and Heim, in preparation). 

Among questions of the same type we found that the hardest quèstions tend to 
take longer, though the relationship is not very strong even for questions where the 
subject has to invent an answer and is less so when he merely has to choose one (see 
Appendix) When the time and score for different types of questions are compared 
(see Figure 3) it can be seen that the multiple choice questions again fall into a separate 
category—they have scores above the average, take about average time, and are very 
like each other with respect both to score and to time. The other three types of 
questions, C, A and B lie in very different parts of the plane of the graph, and roughly 
lie on a line which suggests that the most difficult types have the most time spent 0n 
them. This again suggests that in material of this type at least, the discriminatory 
power of multiple-choice questions is much less than that of free-choice ones. t 

. The boys scored higher than the girls on each type of question, the greates 
differences occurring with the three-dimensional types, A, B and F, but the difference 
between the older boys and girls was much less than between the younger boys a" 
girls, so that girls probably improve between I3 and 14 to a greater degree than boya 
It has been found before (Harris, 1947-49) that the intelligence test scores of gir 
increase more from 13 to 14 than in any other year between 11 and 16. 
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STATISTICAL APPENDIX 


DESIGN OF THE EXPERIMENT 


13-year-old Boys 14-year-old Boys 13-year-old Girls 14-year-old Girls 


E45 C52 D43 | F35 B51 C25 | F32 A25 C23 | F31 Dis Bat 
Er2 A13 C32 | A41 C34  B25 | D21 A42 Ci2 | F42 C43 A24 
Fi2 B52 E54 | C32 Bi2 A53 | D43 B42 C34 | A53 Fi5 B24 
A34 Ci3 E21 | Ca E45 D31 | Fat D25 E34 | Fī4 C54 E5? 
C24 Fert | Fi3 E51 Bàr | D32 E42 Fi2 | Dr4 C32 A35 
Ai2 D13 B32 | C24 Fi2 B42 | A32 B31 F23 Ds3 B32 F13 
D51 E52 B54 | E24 As51 F53 | A15 E25 D45 | C31 A15 F35 
F23 D52 Cī5 | D41 B45 E25 | Br5 F31 A34 | E31 F54 Cea 
E41 A54 | A52 B23 D25 | Az1 C25 Di2 | B42 D43 C35 
tro Cr2 A41 Br5 | E41 B34 F42 | C54 D42 Bsr | C25 E43 Fat 
rr C51 F35 D32 | Ex3 Cás A42 | Ca3 B53 E45 | E53 D54 £24 
12 A45 F41 Dai | B35 Ci2 F25 | B54 D31 F34 | A31 D32 E24 
13 C34 D35 E32 | F41 C2 D53 | Fi5 A53 B23 B53 A54 F52 
14 E23 F52 A43 | E35 D45 C42 | A43 C31 F45 | Brg C15 E13 
15 Ast Bī3 C54 | C35 A12 Er4 | Ez1 Ci4 Bız | Er4 Bis C24 
16 E31 F24 Bar | A35 F34 E53 | C15 D53 Asi | A25 E21 C13 
17 F45 C35 Bą3 | B24 A34 C53 | B21 E31 Cs: | D42 C21 B35 
18 D23 As2 F43 | Di3 F45 Ar4 | F43 E53 C45 | F25 Eis B13 
19 Di2 E24 Cei | Ci4 D23 F31 | Er5 C53 F5r | E42 A43 D24 
20 D45 Ba4 Azı | E52 D34 Bi4 | C32 Fs3 Arz | E25 As? BIS 
21 A23 Eri3 F54 | D52 Csr E31 | E43 Di4 A23 | A42 Dai C5? 
22 F34 A35 E43 | A24 Di2 Fi4 | Cor F25 Esi | Ci4 E54 B52 
23 E34 B35 Di5 | D35 Fs5r C31 | F54 B25 Dsi | F53 B54 A52 
24 C45 Bar F32 | F52 E23 A3r | Di5 Fi4 B45 | D25 F32 E41 
25 B23 C4r A32 | Dz4 A23 B53 | E54 Brg A45 | C53 Baz D4? 
26 Fst D24 Ars | Fz4 A45 D42 | Ds4 A31 E23 | Bai Ezi AD 
27 B34 D41 E15 | Bai F23 E42 | A54 Erq B34 | B25 F43 D52 
28 B45 A24 D54 | Br3 E34 Di4 | B43 Arq Erz | Dg: E32 AM 
29 B51 E35 Fi5 | Ai3 Erz C14 | B32 C42 D34 | Ai4 B21 E35 
3o Bi2 F13 C43 B52 D5r A25 | E32 F42 D23 | C42 A21 D35 
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ANALYSIS OF SCORES 


For each of the four batches of children, we estimated the main effect of, for example 


type A questions by 
s a=A-—-—= 
3 
where A = sum of scores for type A questions, 
a = sum of scores of subjects doing type A questions; 


then Za =at+o+e4+d+etf=o. 
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We estimated also a correction for set effect, for boys and girls separately, by, for 
example, 


I 
a= = Z(a, — ax) 


Where A1AK, or AKA, area pair of sets done by the same subject, summed over all such 
Pairs including Ar; 


P 
then -aj = o 
i 
The effect of the set A1 was then taken as a + a, and similarly for the other sets. 


The score effect s;, for the ith subject, was obtained for each batch separately from 


šj = EE = = G- A (sum of effects of sets done by this subject) 
Where S; is the subject’s observed score and G is the total score of subjects in that batch. 
(si is thus an estimate of the subject’s score on an average set of 18 questions). 


at DP difficulty of the kt question in the set A1 was estimated for boys and girls separ- 
ely by 


LJ] 


I T; a, 
dk = 1; Qk — ig x 18 tw 
Where Qk is the total number of right answers to the Ath question (from 12 children) and 
14s the total number of correct answers to the 18 questions in this set. S 
1 iia 24x = o summing over questions of the same type (actually, we worked with 
2x). 


II 
ANALYSIS OF TIMES á 
The times were read from the recording rolls by a scale which transformed them to 


logarithms to the base 1o*; there was also an arbitrary scaling factor of about a ,'so that 


What we shall henceforth call a time is in fact 2 log;, (time in seconds) — 2:1. . 

Since the experiment could not be balanced with respect to the appearance of right 
and wrong answers, the times were first examined to see whether a right answer took a 
Onger or shorter time than a wrong answer. For each set of 18 questions, which were 
‘one by six subjects from each batch, we fitted a constant y by taking the maximum 
likelihood solution of 

ft Bord Bye 

Where #j is the time spent by the iht subject on the jth question, and y is omitted if the 
Question is answered incorrectly, so that y is a measure of the extra time taken to geta 


question right, " 
ZNiT; ZNT NT 
then y = li 8 S pews 
ZN; ENG " N? 
"788 6 6 x 18 
Where N number of correct answers, 


Fa 


j Tr total time of correct answers, 
Ti = total time for itb subject, 
Tj’ = total time spent on jth question, 
Ni = total score of it? subject. 
Nj’ = number of times jth question was answered correctly. 
There were 20 such s for each type of question, one from each of four batches and each 


of five Sets, so that altogether there were 120. We tested eight of these by using 


residual mean square 
ery ZNS ZN, ā NM 
18 6 T 6 x 18 
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and found one significant at the 1 per cent. level (this was in fact the 7 with the highest 
value), one significant at the 5 per cent. level and the rest not significant. There was, 
however, no consistent arrangement of the values obtained; we had expected, for instance, 
that sets of the same type and done by subjects of the same batch would yield similar 
results, but nothing of this sort was detected either by inspection or by analysis of variance. 
The average value of + for the whole set of 120 was —-o19, and the standard deviation 
calculated from this set was -13 (which was very similar to the standard deviations cal- 
culated in the eight individual cases mentioned above). We therefore decided that the 
effect, if it existed, was not of sufficient importance in this case for us to need to make 
allowance for it. It should be noted, however, that the three types for which 7 was on the 
average greater than o were those in which a choice of answers were offered. 

The rest of the analysis of the times was the same as that for the scores; an estimate 
ti of the time spent by the ith subject on an average set of 18 questions corresponded to 
the previous sj, and an estimate / of the length of time spent on the A'^ question by an 
average subject corresponded to qk. The relation of si to /;, of s; to the score on the in- 
telligence test, AH 4, and of qx and / were shown on scatter diagrams. 


Estimates of the effect of position in the series of sets of questions, of sex, age, type of | 


question, or any interaction of these were made by adding the relevant observed scores or 
times, since the balance of the experiment allowed this. 


TABLE I 
RELATIONSHIP OF DIFFICULTY OF QUESTION AND TIME SPENT ON IT 


Type Difficult Easy F N 
Slow 69 24 i 
Fast 33 54 37 
i 

Slow 62 34 " 
Fast 44 40 12 
Slow 79 19 . 7 
Fast 28 54 47 
Slow 58 39 = 
Fast 37 46 5 

: Slow 52 44 
Fast 41 43 *05 
Slow 44 40 

^ Fast 46 50 30$. 
SE 
TABLE II 


TOTAL SCORES 


i iio oL 


Position 
tal 
I 2 3 4 5 6 [d 
14-year-old Boys 188 | 200 | 181 | 181 | 175 | 17° 1093 
3 4 w o» kw gp 170 | 191 | 171 | 170 | 178 | 160 po 
I4 ,  , Girls " ..| 175 | 167 | 145 | 153 | 165 | 174 976 
I3 5 w p we ar zis] X290 125 139 124 140 129 E 
Total ..| 662 | 683 | 636 | 628 | 658 | 633 390° 


* 


p» 
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ANALYSIS OF VARIANCE 


ee eee ee se eru cn ci 


S.S. af. m.s Var. ratio 
Positions 
E un 566:5 5 1133 | Not sig. 
Age 87047 H 57042 | 58-09 | sig. at 16 level 
Sex x Ag 2562-7 1 2562:7 | 26-10 
Resda 7935 1 79035 | 8'o8 sig. at 5% level 
ia 14731 15 98:2 
Total IIIOO-O 23 


CONTRA RUN QNEM eee 


TABLE III 


à ToraL TIME MEASURES 


Position ^ 
I 3 4 5 6 Total 
14- 

= year-old Boys 811-5 681-2 | 5773 | 6564 | 5496 | 39507 
14 "o 3h 8337 692:6 568-0 682-1 579:6 4041:5 
ps wh 805:3 6492 | 5086 | 6297 | 5519 | 38154 
E Ms 803: 6358 | 5422 | 6397 | 5970 | 3805 

33 5 
3253'8 2658-8 | 21961 | 2607°9 2278:1 | 157021 


ANALYSIS OF VARIANCE 


4 S.S. d.f. m.s. Var. ratio 
Positi 
isgression 176881 -62 5 35376:32 
iati 113572 I 113572 393 
arauon from vil sig. at 19, level 
Se Gression 63310 4 15828 55 
Age ` 3292:38 I 3292:38 10:3 sig. at 1% level 
Sex x Age” 1219:80 I 1219:80 | Not sig. 
Residual. 570 I 570 | » » 
U 4290:07 15 286-00 
Total 185689:58 23 
m —— Oe  ”—~—”S 


Regression slope, b = —40°3- 
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MISCELLANEA 


A NOTE ON THE PAIRED COMPARISONS METHOD 
OF RATING 


20 subjects, for example, will involve the rater in 190 comparisons. 


B 


IN 


NANCY HARRIS 
(Medical Research Council Applied Psychology Research Unit, Cambridge) 


Iw psychological work where assessment of the ability of a number of individuals is 
required, paired comparisons are often preferable to any other method of rating. But 
if this method is used, the number of subjects rated in any one group must be kept small; 


When a large group of subjects is to be assessed, it is usually possible to sub-divide it 


for purposes of rating. 


But the nature of the division is often dictated by circumstances 


outside the investigator's control, and it is common to find that the resulting sub-groups 


are of unequal size. 


The data from a number of unequal sub-groups may usually be 


analysed separately, and the results summated to give a figure for the whole group. 
x? and 2, for example, are appropriate statistics to use in this way. 


Sometimes, however, a single set of ratings on the whole group o 


into four sub-groups numbering, respectively, 6, 6, 9, 9. 
assessed by three independent raters. 
is judged the better of a pair is counte 


every subject. 
for each group were in perfect agreemen 


sets of total preference scores: 
eee 


A B C D E P 


Subject: 


Now if the raters were all perfectly self- € 
t with each other, we should obtain the following 


f subjects is exacted 
by the aims of the research. The following method of recombining the paired comparisons 
data from a number of sub-groups was found useful in a recent investigation where this 
situation arose, 

Suppose that a group of 30 subjects are to be assessed on proficiency in a certain job. 
The available raters are such that the group can be sub-divided in one way only—that is 


Each of these groups can be 

For each group, the number of times each subject 
d, and preference scores are obtained in this way for 
consistent and if the three raters 


G H J 


Sub-groups I and II (6 subjects in 


each) v 
Sub-groups III an 
in each) .. 


In fact we find that every rater is highly self-consistent but not 
agreement between the three raters for each su 
not perfect.. The observed preference scores for 


d IV (9 subjects 


I5 


. 24 


I2 


21 


9 
18 


6 


I5 


3 


12 


o 


9 


b-group is, in every 
the four sub-groups are as follows: 


6 3 0 


perfectly so, and 
case, significant 


Ce E L| 
E F G H J 


Subject: 


A 


B 


C 


D 


Sub-group I 


» 


» 


eference scores with the theoretically 


” 


m 


n 4€ 


PE. 
vs X3 
= 24 

22 


It is possible to match these observed pr 


ones. We can take the smaller sub-groups (I and II) as defining the 
differentiation and regard the perfect preference scores as the boun 


as follows: 


Grade 1 
Grade 2 
Grade 3 
Grade 4 
Grade 5 


20 


12-15 
9-12 
6-9 
3-6 
0-3 


8 
II 
NU 
20 


8 
4 
14 
16 


4 


I2 


8 


I 


Rw 


7 
5 


number of gra 
daries of five 8" 


the 
but 


erfect 
Pes of 


ades 


peu — M 
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a E can fit the sub-groups I and II into these grades directly, adopting the convention 

For th E scores which coincide with a boundary figure into the grade nearer the middle. 

ae larger sub-groups, III and IV,a conversion must be made. The maximum theo- , 

atid preference score for these groups is 24, and by dividing this by 5 the size of the 
es and the boundary figures are determined. They would be: 


Grade 1 19:2-24:0 
» 2 14'4-19:2 
» 3 9:6-144 
» 4 48- 9:6 
» $ oo- 4:8 


The following classification of the observed data can then be made: 


Sub-group: I II III IV 
Grade r sE A A A,B A, B,C 
& 2 5: B B,C c D 
»5 3 C, D = D, E, F E 
"e E DE G EG 
» 5 F F H, J H, J 


te MK LA LL 
us theoretically perfect preference scores always follow a regular series, this pro- 
When the: be used to classify the whole group into any number of grades, up to the point 

The & grading approximates to a ranking. . 
and it method described enables data from sub-groups of diffe 
; preserves differences of distribution within the groups. 


it as: 3 
a Sumes every sub-group to be of similar overall standard 


rent sizes to be combined, 
The main criticism is that 
. When all the sub-groups 


re 
it oa de from the same source it may be possible to arrange that this is true; failing that, 
A further possible to select members from each sub-group and by having them assessed in 
when the be m group to check up on the relative standards of the sub-groups. But 
ey are ore -groups come from different sources there is no way of estimating how far 
Vnum a common standard. This criticism would, of course, apply to data obtained 
paired. co ethod of rating and combined in any way. By using this method of treating 
grade 1 omparisons one can at least be certain that the average level of classification 
is higher than that of grade 2, and so on, even if the extent of variation within 


an E 
Y one grade is unknown. 
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BOOK REVIEW 


The Perception of the Visual World. By J. J. GIBSON. Boston: Houghton Mifflin. 
Pp. Sir--'295- 

In his introduction to this book, Professor Carmichael says that “the study of per- 
ceptual problems is central in psychological theory." The reviewer is in complete agree- 
ment with that statement; and there can be no doubt of the value of Professor Gibson's 
contribution to this study. One may not be able to agree completely with his argument— 
and indeed its exposition is not always as straightforward as might be wished. But it is 
certain that everyone who is interested in this central problem of psychological theory 
should study that argument. 

Professor Gibson presents a theory of perception which endeavours to resolve the old 

empiricist-nativist controversy, and to reconcile the differences between the Gestalt 
psychologists and those who hold that the primary sensory data must be developed and 
interpreted in the light of experience before meaningful percepts are obtained. He is 
also concerned to controvert recent theorists who have maintained the view that percep- 
tion is determined to a considerable extent by individual personality factors, and that the 
perceived world is an individual construct. This, he says, cannot be so, since the visual 
- world differs comparatively little between different observers, and agrees remarkably 
well with what is actually known as to the nature of the environment. ‘‘The properties 
of the literal visual world, in so far as conditions are optimal, approach an exact corre- 
spondence with variables of physical stimulation." But this "visual world" must be 
distinguished from the “visual field"—what can be observed in introspective analysis at 
any one moment by the single stationary eye, and what has sometimes been thought of 


as the primary sensory impression. The visual field consists of flat patches of colour, 
bounded by the periphery of vision; it corresponds fairly closely with the pattern of 
retinal excitation, though the latter is a correlate, not a picture, of the external field. 
But the visual world is continuous, unbounded, possessing depth and solidity; it is built 
up from the primary memory images of successive and overlapping retinal impressions, 


obtained by changes of fixation which are so frequent and so randomly directed that no 


awareness of succession remains. 

It is clear that evidence of the truth of this theory must be based upon experimental 
observation of the mauner in which varying impressions of the visual field are built up 
from varying visualfields. This Gibson proceeds to do by considering the phenomena 0 
form and of the arrangement of objects in space. He states that the Gestalt laws © 


organization of form are on the wh vere obtained from the 
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1950. 


ole misleading because they v : tis 
study of isolated and often ambiguous two-dimensional shapes. Re-organization of th 
field in accordance with the Gestalt laws does not occur with ordinary solid objects dis- 
tributed in space; their shapes are clear, unambiguous and rigid. The figure-groun 
experience is also quite unambiguous, being given by the edges of these objects perceive 
from simultaneous sudden changes in gradients of colour, brightness, texture and distance: 
The apparent stability of the visual world and of objects in space is explained as follows | 
When the eye or the head move, the order of arrangement of excitations is maintain 
temporarily ar.d spatially; and the movement of this orderly pattern across the retina ia 
compensated by kinaesthetic sensations of movement of the eyes and head. Thus oe 
world does not appear to move or change. In the perception of real movement, there 5 
again an orderly succession of changing retinal impressions, but the kinaesthetic sensatio 


do not compensate exactly. 

The perception of distance Gib 
of surfaces along the ground, gra 
(perspective), hue, clarity, dispari 
son's work on the varying deformation of the 
has shown how valuable this phenomenon can 


perception of receding surfaces is possible, n jt 
(This is demonstrated by a neat experiment described later in the book in which ! A 
shown that judgment of size depends on the apparent distance as given by the part Paie 
receding surface with which the test object is in contact.) Butin contradiction to Gibson, 
theory, there is much evidence to show that relative localization at least is p ble w! 
disparity functioning in the absence of other perceptualdata. The impression O: 
is based, not on the accurate gradation of disparity from near to far, but on the corresp' 
ence of the retinal images of points equidistant with the fixation point, and non-co 
spondence of the images of other points. 


son attributes to the occurrence of a regular serial ordet 
ded from near to far in texture, size, slant of snope 
ty and deformation with movement (parallax). ‘ent 
perceived landscape with aircraft mover m 
be in the estimation of distance. W he ie 
localization is difficult if not impos»; 


ona” 
rre- 
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The distinction between the visual field and the visual world seems at first to come in 
appositely when we consider the variations of colour, shape and size constancy which 
ave been observed to occur when there is a change from the “object” to the “stimulus” 
attitude. The latter of course gives the observer the analytical impression of the visual 
field. With the former, he observes the visual world, and his shape perception is inte- 
Brated with his perceptions of the orderly distortion of outline and surface texture with 
tilt of the surface. But Stavrianos has shown that shape constancy is maintained when 
Judgment of tilt is quite inaccurate. And recently Langdon, at Oxford, has gone further 
and shown that it is independent of texture or brightness differences. It must be noted 
that Gibson is somewhat too much inclined to present prima facie pronouncements as to 
€ importance of factors such as surface texture without adequate experimental evidence 
of their actual functions, . DER 
b Size constancy Gibson attributes to the fact that the size of any given object is given 
oy the scale of the background, in the total visual world, at the point to which the object 
as attached. Thus the results of Joynson's experiments, showing that constancy may be 
to paired by observing the visual angle covered by the object, would presumably be due 
9 the fact that the attachment is to a narrow segment only of the momentary visual field. 
A objection must be made to Gibson’s contention that the size constancy of objects 
* Sas long as they can be seen at all. Any one who has sat on the side ofa mountain 
M Watched beetle-like cars and ant-like men crawling along a road'in the valley will 
“gree how genuinely minute they appear. Or is this attributable to the lack of gradually 
€ceding surfaces between the observer and the objects? ^ . 
Finally, it is clear that the visual world possesses another characteristic as basic and 
apjdamental as those of form and spatial arrangement—that of meaning. It seems prob- 
at that all perception, from birth onwards, has meaning of a kind, though the meanings 
ributed by the infant to his percepts are very different from those utilized by the adult, 
ch are Schematically determined from what he learns about the environment. Gibson 


a ess to say on the subject of meaning. But there seems no sort of reason why he should 
Siin ata that the existence of such schematically determined meanings 1$ incompatible 


tap accurate perception of what he calls the ‘‘literal world,’ the properties of kage 
earliest ce an exact correspondence with variables of physical stimulation. From n 
enviro; years the child learns that in order to come to terms with his physical and socia 
O co nment, he must perceive at least certain aspects of the world with sufficient accuracy 
perec p tute a basis for understanding their effective meañing. The normal type o 
Correb, t is then a construct in which are integrated impressions (colour, shape, emi 
ARE d with variations in the physical variables, and meanings for the most part lai i 
e; ,Schematically through active "trial and check" and social training. Individual 
“nings are found to occur when the physical conditions are inadequate to provide clear 
o miambiguous impressions. Then, as Bruner has pointed out, the individual is per 
as ul hypotheses which will be based on individual knowledge and interest in so far 
Provid, habitual schemata which he possesses in common with others are ina ur 
as well. meaning. Any acceptable theory of perception must account for the discrepanci 
as for the agreement of perception between different individuals. k Viy 
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i e 4 pe + à * P^ 
` o- ROGER W. RUSSELL} and ROBERT G. F~ PRETTY y wat P 4 
g . v= 2 à ^a E" e 
(From. the Department of Psychology, Institute of Psychiatry (Maudsley Hospital), 
SUA PN. London) . "ad w fir 
Predictions from Maier's theory of “ frustration "-instigated behaviour have'been tested 


i er £ USE x A 
n an experimental situation differing significantly from that in which, the theory was 


‘ Propounded yet containing the central element of "frustration"—the insoluble problem. 


QU discrimination unit was employed in which the performance of rats would be. 

Served during attacks on insoluble problems, position problems or symbol problems.. 

MES Wo groups, each containing ten Wistar albino rats, served as subjects. The research 
Sign consisted of the following phases: preliminary training, development of position. , 


Te: D : A 
. «SpOnses, exposure to a symbol-reward problem with 50 per cent. punishment an 


dee to a symbol-reward problem with 100 per cent. punishment, y The design 
lished, q tai the two groups only at the phase in which the position responses were estab- 
Other t During this phase one group was exposed to a position-reward problem and the 

Boch an insoluble problem. s „Y P. E 
(podio dE responses were established as frequently under position- frustration” 
stereot n stereotypes) as under position-reward (position habits) conditions. ,Position. - 
conditi were more rigid—more resistant to extinction—than position habits under 

er Ons of 50 per cent. punishment. Position stereotypes were ns readily extinguished 2, 
The we per cent, punishment as were position habits under 50-per cent. unishment. =» 
third a first two observations conform to predictions made from Maier's theory. The 
tion”. Oesnot. That is to say, not all situations containing the basic elements of frustra- 
theor Sive rise to stereotyped behaviour patterns which are as rigid or ^ fixated "as Maier's 
Ies Y Would predict. It is a reasonable hypothesis that the characteristics of stereotyped 

Ponses established in certain “frustration” situations may be described adequately in 


err i juately 
A on o conventional learning principles without the necessity of resorting to a distinction a 
n Boal-motivated" and “frustration-instigated”’ behaviour. .— A t ^ 
a y © Hd = * à 1 , f k 
"Ras M T » M DA i . 
3 G , b? a 
~~ INTRODUCTION fa 


Tug 
« 


7 


ee — : A 
den tensive work of Maier and his co-workers, summari ed in his recent text on 
ime int The Study of Behaviour Without a Goal" (1949); has MeL ae eM 

they h concerning the aetiology and nature of ‘‘abnormal behaviour pa terns. 
are for, ave found that stereotyped behaviour patterns develop when subjepts (rats) 
m to respond in an insoluble problem ("frustration") situation. ipn d 
estable" these behaviour patterns have much in common with position habits 
respo ished under conditions of reward reinforcement. However, such stereotyped 
nce mses may differ very’significantly from position habits in terms of their persist- 
When a soluble (symbol reward) problem is introduced after the stereotyped 


ii * 
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response has been established. Stereotyped responses may show much greater 
resistance to extinction than do position habits. As a result of these observations, 
Maier proposes that “frustration-instigated” behaviour differs qualitatively from 
_“goal-motivated” ‘behaviour and, therefore, is describable in terms of different 
principles. : s 
The present paper reports the first in a series of experiments designed to study the 
implications of Maier's theory. The majority of experimental data upon which this 
theory is based have been obtained by controlled observations of the rat's behaviour 
in the Lashley Jumping Apparatus. Systematic variations of environmental con- 
ditions have been introduced within the limits of this experimental situation. How- 
ever, it seems logical that, if Maier's conclusions have the broad significance he 
imparts to them, similar results would be predicted in other experimental situations 
containing the elements of “frustration” as Maier has defined them. The presen 
research has employed an experimental situation which differs from Maier's in the 
kind of motivation used, the type of response studied and the nature of the reinforce 
ment employed, while retaining the “frustration” of the insoluble-problem situation 
The results support predictions from Maier's theory regarding the development 0 
stereotyped position responses, but show certain divergences from predictions con 
. E ED 4 
cerning the rigidity of the stereotyped response once established. 
' à II 1 1 ' 
RESEARCH DESIGN AND PROCEDURE ~ 


A. Research Design 


The research design employed in the present study is presented in Table I. 


ulation an 


Subjects were selected at random from the highly inbred laboratory poP - 
throughout the research were treated identically except for the differences requi 


by the research design. 


^ 


TABLE I 
RESEARCH DESIGN 


` Group N I 2 3 NE. 
P 
Position-‘‘frustration” 10 | Preliminary | Insoluble Symbol 5 mE 
training problem problem: pro v, si 
50% pun- | 1002 t 
ishment jshmet 
. p 
Position-reward 10 | Preliminary | Position Symbol Sy LE 
training problem problem: pr of, pun 
! 50% pun- 1o ent 
H ishment ish 
a 2 : mE s 


This design allowed the testing of three predictions derived from Maier's theo 
First, position responses, overtly alike in character, would develop at phase 2 P dere 
experimental groups. ‘Second, at phase 3 the position responses woul wr the 
rapid extinction and symbol responses would be readily established in subjects rouf" 
position-reward group, but not in subjects of the position-"frustration r jot 
And, third, a shift to 100 per cent. punishment in phase 4 would not alter the po 
responses of the position-“frustration” animals. 


SN Mj er cmm RES ERES 
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B. Apparatus à f 
n The apparatus employed in presenting the soluble and insoluble problems was the 
ud discrimination unit described by Russell, Jonckheere and Williams (1950). The 
als Were required to swim the length of a straightway in order to reach two doorways 

d rough which they could escape from the water. Each doorway contained a panel on. 
it E was painted a symbol. Below this panel was a door hinged in such a fashion that 
ud easily be pushed open by the animal. The symbols—black circle on white back- 
ad or white circle on black—could be moved from one doorway to the other, and each 
Pre: could be locked independently of the symbol above it. This made it possible to 
Sent to the animal any one of the problem situations required by the research design. 

ei position problem could be presented by always locking the door on one side regardless 
symbc Symbol above it; a symbol problem, by always locking the door beneath the same 
inde ol; and an insoluble problem, by shifting the symbols and locking the doors in 
ati Pendent random sequences. Motivation was controlled by maintaining the temper- 
ire of the water at 18° + 1? centigrade. A response to the unlocked door was reinforced 

z immediate escape from the water, while a response to the locked door was punished 
X Bushee ving escape until the animal swam around a partition between the doorways and 
theref, through the unlocked door. The difference between reward and punishment, 

“retore, was defined in terms of the duration of time in the water. 


^ 
C. Subjects ss. b $o M 


d male albino rats of the Wistar strain were used as subjects. One position- 
rd animal was rejected after phase 2 because of illness. All animals were approxi- 


m e c 
pe, 230 days of age at the beginning of the experiment. During the hours between 


S i 1 * " H cum 
aine dmenta] trials they were kept in normal living cages in the animal room and main 
ined ad ji r E 


bitum on MRC diet 41A plus water. 
à : 


* 


fo Procedure 1 . 
T ' i ; 
: he procedures followed in each of the four phases of the research are described below. 
| Phase x: "ae "- imit ini vas carried out in three 
s 1: Preliminary Tr ý ary training was candes Oi. 
tages veliminary Training. Preliminary training Is were given six trials 


ond — during the sixth day and the animals Si : 

Suffici er to escape. Preliminary studies had shown that suc à 4 

e id 0 orient the animal to the discrimination end of the water unit and to teach it — . 
edure for opening the doors. 


2. P A 
had ¢ Phase 2: Position problem. Twenty-four hours after the position-reward animals 


learning gotea thei imi ini vere placed in the water unit for their first 
n H r preliminary training they were place ar in 
RE 55s trial, Ten trials mid given ne ane until the animals had reached the crionna 
" Orres, Sponses to the same position in the last 160 trials. This criterion was us a 
frustration to the criterion employed by Maier and his co-workers in their resea: 


trial, On.” The unl n ‘avs the one chosen by an animal on its first 
» thus unlocked door was always th ous chos Ui eceshad..» Tie syri 


ols yw, Corresponding to any position preference t l 
“re shifted at random bet ihe locked door was always in the same position. 


3. Phase 2; llowed with the 
Position «45€ 2: Insoluble pr k is same general procedure was followe h th 

indepen frustration” vein a vus le eyoibuls ets shifted and the doors Sec m 
a iac random Sequences. Under these conditions the majority of animals devel- 
aa iim Stereotypes to the criterion before 400 trials had been given. Those vio 
the fo Teach this criterion were advanced to phase 3 of the research design at the end o 


ur-hundredth trial. 


Se Ph 

animals 7456 3: Symbol ishment. 

s problem, 50 per cent. pumshmi 2 
Th the wha Te presented with a pat problem in which the door below the black circle 
e 

i imal who persisted in its 


Positi rs, Were i Thus an ani 
all th N resp RA E Sed E. of ia daily trials. Under these conditions 


onse was punished on t. of 

i ; o per cent. 0 Sa 

Ctiterjo POSition-rewarq animals aaa ties of the position-"frustration" group reached the 
of seven Successive correct responses in one day's "runs" within 300 trials. 
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B4 ' Phase 4: Symbol problem, 100 per cent. punishment, Those animals in the position- 
“frustration” group who did not solve the symbol problem with 50 per cent. punishment 
within 300 trials were advanced to phase 4 of the research design. In this phase an animal 
who continued to make position responses was punished on roo per cent. of its daily trials. 
When the original position stereotype was broken the animal was rewarded for five 
consecutive responses to the opposite door. From then on any position response was 
punished on 100 per cent. of its trials since the objective of this phase of the research was 
to determine whether or not position stereotypes established in earlier training could be 
broken by repeated negative reinforcement. 


III 
RESULTS 


The results are summarized in Tables II and III. It will be noted that all the 
position-reward animals developed position habits within the 400-trial limit set by 
the research design. In all cases these habits were extinguished and symbol habits 
established within the 300-trial limit set for phase 3 of the procedure. 


TABLE II 
RESULTS FOR THE PosirioN-REWARD GROUP 
N=9 : 
| | 
Phase 2: Habit formed—9 Habit not formed—o 
| 
Phase 3: Problem solved—9 
TABLE III 
RESULTS FOR THE POSITION-‘ FRUSTRATION” GROUP 
N = 10 
l i 
Phase 2: Stereotype formed—7 Stereotype not formed—3 
| 
Phase 3: Problem solved—1 Problem not Problem solved—3 
solved—6 
| 
Phase 4: Problem solved—6 


i 2, 
Seven of the position-"frustration" animals developed stereotypes 1n aer in 


while three Jid not reach the criterion. All the latter established symbol ha pol 
phase 3 and only one of the former. All six of the animals not developing 5. 
habits in phase 3 did establish them in phase 4. 

Yates’ exact test for 2 x 2 tables (Fisher, 1948) shows no signi 
between the two groups in phase 2, indicating that position responses 
as frequently under position-"frustration" as under position-rew 
On the other hand, a similar test of the data for phase 3 does show th 
significant differences at better than the -oor level of confidence. 3 
interpreted as indicating that position stereotypes are more rigid—more res 
extinction—than position habits, in which case the results support predictions 


were est 


Maier's theory. . dition® 
In phase 4 the punishment was increased to 100 per cent. Under these con pef 
all the six animals who had shown resistance to extinction in phase 3 did or. - pot 


position stereotypes and developed symbol habits. This observation 
correspond with predictions from Maier's theory. 
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Mons ie EUR to compare the number of trials taken by the two groups in exting- 
Es deum Cep responses and developing symbol habits. The position-reward 
Eo de "33 (S.D. 72.58) trials under conditions of 50 per cent. punishment to 
sony parte: t ho for the symbol habit. The one animal of the position-‘‘frustration”’ 
UN “s T. a symbol habit under these conditions of reinforcement reached the 
qe Sq: a rials, -87 standard deviations above the mean of the position-reward 
ie x animals developing symbol habits under 100 per cent. punishment 
9:17 (S.D. 31.53) trials to reach the criterion. 


IV 
DISCUSSION 


mn Qu ate of this experiment show that position responses may be established 
owever, the = of frustration as well as under conditions of escape training. 
o position c ore interesting observations are those indicating a differential reaction 
uring the ie ere established under these two sets of conditions to extinction 
‘Mater has elopment of a new response pattern. 
between « 3 uggested that this differential reaction reflects qualitative differences 
abnormal bet “motivated” and “‘frustration-instigated”’ behaviour patterns: '' 
ehaviours Ee fixations produced under frustration are different in kind from 
Suggest that " uced through motivated learning." Maier's results go further to 
Conditions und ese qualitative differences may reflect a differential effect of the 
he response « er which the position response 1s established on the performance of 
distinction es compared to the learning of a new response. This is based upon the 
eory and ie veen performance and learning made by Tolman (1932) in his learning 
Tesponse apps supported by Maier's observations that, even though the position 
In fact abis e ars, the animal's behaviour during a trial may give evidence that it is 
aaa rentia the symbols presented. a 
Potheses T of the facts in the present experiment suggests two alternative 
can be tested her of which might account for the results obtained and both of which 
& practice ur d One of these hypotheses involves the differential effects on extinction 
anley (19 nder conditions of continuous and partial reinforcement. Jenkins and 
€xtensive P, In their recent review of research findings on this subject present 
aintenance oO of significantly slower extinction following the development and 
Teinforcement, behaviour patterns with massed training under conditions of partial 
Present Tesear The development of position responses under conditions of the 
Position peser design is associated with almost continuous reinforcement for the 
1 relation to th group because of the small number of trials to establish the response 
E hand Fs e NT of trials required by the criterion for establishment. On the 
oup occurs oe d evelopment of the position response in the position-"frustration" 
è € actual pe nder conditions of partial reinforcement. In the present experiment, 
oe for the. T cent. of rewarded trials for the position-reward group was 98 per cent., 
TM les, it Iosition-"frustration" group, only 49 per cent. On the basis of previous 
his ight be predicted that extinction would be slower in the latter group. 


a 
Stoups a a a. the basis for the significantly different performance of the two 
se ) N 
fro Cond hypothesis arises from an examination of the pattern of reinforcement 


e subj > A SE 
Téspo ubject’s point of view. In the case of the position reward group a position 
velopment of the 
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significantly and, as the results indicate, the behaviour changed in relatively few 
triale—138-33. For the position-“frustration’”’ group a position response led, during 
the development of the stereotyped response, to only 50 per cent. reinforcement. 
After the criterion of establishment had been reached and the problem altered from 
the experimenter's point of view, a position response still led to 50 per cen 
forcement. The pattern of reward and punishment had not changed as far as the 
subject was concerned. As soon as this pattern was changed by imposing 100 per 
cent. punishment for position responses the position-‘‘frustration’’ animals established 
the symbol habit in 99:17 trials. The possibility exists, therefore, that the initial 
position response was altered in one case as the results of a perceptible change i the 
pattern of reward and punishment, whereas no alteration of response occurred in 
the other case because no such change was perceived. 

Neither of these hypotheses appears to be applicable to M 
many of his animals persisted in their position responses even after 
symbol-reward trials and after variation in the per cent. of reinforcement. 


t. rein- 


aier's results, since 
as many as 600 
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THE PERCEPTION OF A CHANGING SHAPE* 


BY 


J. LANGDON 
(From the Institute of Experimental Psychology, University of Oxford) 


Kader Specified conditions a pair of simple shapes are matched by a subject when 

see all supplementary textural and space cues of depth vision have been removed. 
Bic such conditions it is found that shape constancy is no longer present. However, the 
continu, regular rotatory motion of the shape is sufficient to restore constancy in the 
as ued absence of other cues. Degree of perceptual constancy appears to be correlated 
isto na of change of shape. It is suggested that an explanation of the phenomenon 
ini e sought along the lines of Michotte's concept of "object creation" rather than 

erms of gradient variables. 


I 
T INTRODUCTION 
isn Present paper has been given this very general title but dóes not pretend to 
lone the Subject exhaustively. These observations are merely part of a more 
and i ‘ Investigation of shape perception at present being carried on by the writer, 
of thi 1s hoped that it may be possible to publish a paper dealing with other aspects 
1S extensive subject. 
Various, a number of years many investigations of the appearance of a shape under 
ceptual Conditions have been made. In nearly all these studies the degree of per- 
f the constancy has in one way or another been made the measure of the goodness 
vi Perception. That is to say, the degree to which «he perception and the 
Jour based upon it are more stable than their immediate objective conditions. 
(Gate a, arliest investigators presented alternately two shapes in a darkened room 
1933) ù artius, 1889) whilst members of the Gestalt School (Eissler, 1933; Klimpfinger, 
In th Sed shapes presented simultaneously, but separated by a large included angle. 
© latter types of experiment comparison was made between one shape which 


isr 
tated about an axis and another which remains stationary. The shapes employed 


Wen i H E 
m © usually circles ellipses or squares such that the comparison could be approxi- 
ated to " q 


Shape t} the Standard at some projective angle. During the actual rotation of S 

avrians Subject is unable to see the objects, these being temporarily screened off. 
Were Hin (1945) used a more elaborate technique in which these type comparisons 
9 Gre ed with others in which the subjects had to estimate the real angle 

ation, : 

Present c (1931) used a different method of comparison, 
Seen fro € shape as distant and foreshortened and the other 
fro a ntal-parallel and near. The near shape matched with the far was € 
Ments vu my of similar projections. For a full discussion of the history of experi- 
and Jo ~ stipe perception the reader should consult the papers of Brunswik (1933), 
discus y son (1949), on the problem of definition of shape. A general theoretical 
(1935). On of the problem can be found in Vernon (1937), Gibson (1950) and Koffka 


Fro 
Subs. e the standpoint of the present investigation all: : [ 
all are, i Under a single heading, despite their theoretical disagreements, in that 
* 1R essence, investigations of the appearance of stationary shapes. Whether 


me d tal Psychology 


Rompnict 3 and Professor 


Deha: 


his procedure being to 
as a projection of this, 
selected 


the various studies can be 


* 
E i 
earch is part of work carried out at the Institute of Experimen 
Brant from the Medical Research Council, to which body, 
' acknowledgment is made. 


` 157 


158 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


this is carried out by alternate inspection of two shapes or by simultaneous presenta- 
tion, whether the comparison is made by rotating a shape to a judged match or by 
choice of a member of a family of shapes, in all cases the subject has before him à 
stationary shape which he may inspect for a relatively unlimited time. In addition 
to this, he is not able actually to see any process of change in the shape. W hether 
he has knowledge of how this takes place, or has any knowledge of the true character 
of the objects before him, and, if he has such knowledge, whether or not it influences 
his perception in the final outcome, might be speculated upon at some length (cf. “La 
Developpement de la Perception Visuelle," Arch. Psychol., 93, 1941). 

What is clear is that the observer has no direct perceptually given knowledge a5 
to this process of change. All that is before him is a certain fixed situation which 
he inspects and then, before the situation is changed for another one, makes such 
comparisons as appear to him reasonable. It is germane to the discussion to point 
out that in a number of experiments the results obtained when a subject was allowed 
to inspect and examine the set-up failed to show any significant differences from those 
in which judgments were made in the absence of such acquaintance. It would seem 
that intellectual, acquired knowledge does not influence perception in any directly 
measurable way. On the other hand knowledge of the situation acquired in the 
form of practice would appear to influence perception (cf. Klimpfinger, 1933. . h 

At the same time there is definite evidence that variation in the rate at hae 
a series of perceptual objects is presented can affect the outcome of the experimen ° 
Thus Asch and Witkin (1948) reported that in experiments where a subject had le 
orientate a self-luminous rod to a judged vertical and/or horizontal setting, t e. 
presence of the “A” (Aubert) or "E" phenomenon could be noted under isi 
different conditions, th. rod being moved sometimes continuously and at others " 
a series of jumps. Under this last condition the amount of “oversetting” gor 23 
influer.ced by variation of the rate at which these jumps occurred. (The A piect 
“E” phenomena aré the errors made in perception of an oriented stimulus n 
when the subject's body is tilted. The amount and phase of error undergo 
changes according to the extent of body tilt.) 

The present writer has found in a similar way that, if the co 
described above are performed without the interposition ofa s 
ment of the shape, the constancy may be influenced by the rate at W^ 
of shape are produced. And this change may be generalised as being 1n th 
of lowered constancy with slow or irregular changes and a rise in constan! 
changes are regular and frequent. ber of 

Eissler «nd Klimpfinger in their experiments endeavoured to list a num e 
cues or determinants of shape perception and rate their importance. Amone yore: 
were binocular vision, reflectance ratio, illumination and texture or e rmm a 
Apart from these “objective” determinants are also listed subjective or ih 
factors such as attitude of the subject (“pole of intention" —Brunswi 3 and essi vel, 
of practice. And it can be shown that the degree of constancy 1$ progr case 
reduced by the removal of supplementary perceptual cues. But in oe taking 
shapes rotated discontinuously, i.e. the subject being able to see movement < p of 


itutio” , 
place, the writer found that removal of the surface of the shape by euet as i# 


nstancy eX à 
creen during 2%, i 
t which alteratio a 
e directio 


cy whe 


a ring for a surface, did not entirely abolish perceptual constancy. © al angl 
Boring's experiments on size constancy (Boring, 1941), the law of the 2m weve j 


was always exceeded even under the most unfavourable conditions. cara 
this type of experiment there remains always one set of cues, namely, the app t 
of the room in which the experiment is performed. This contributes w jn 
dimensional setting, the visual field in which the change of shape takes p'2 


UM M Rae 


, Perceiy, ed 
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order to eliminate this last set of cues, the experiments were repeated in a darkened 
Toom using whitened wire outline shapes as test objects. 

.. The procedure was to carry out the experiment with the room under normal 
illumination, the wire outline appearing as an abstract shape on a black ground. 
After obtaining matches under these conditions the room was then darkened and 
the shape set at the mean position given previously. The subjects were then asked 
if they agreed with their past judgments. If they did not (none did), the shape was 
Tought to a new match point. The new judgments all centred about the point 
Tequired for fulfilment of the law of visual angle. Thus it would seem that in the 
absence of supplementary cues from the object the normal visual setting had in 


S i H 
ome way influenced perception. 


II 
AIM OF EXPERIMENTS 

s It Was decided to investigate the relationship between the perception of a 
any shape and a moving one. In normal and everyday perception objects 

* Seen in movement. This movement is between objects relative to one another 
mud the Percipient, or in the case of stationary objects, due to the percipient's own 
vivements, Moreover, ordinary judgments are made with some practical end in 
“Wand not as ends in themselves or as part of some scientific experiment. Thus 
usual type of shape constancy experiment is, quite legitimately for its ann 
even tigating a special class of perceptual phenomena somewhat removed from 

Tay experience (cf. Brunswik, 1933; Joynson, 1949). 
Perce Was thought that there might be some relation between constancy and the 

eg of movement, or change of shape. Gibson (r95¢} has suggested that two 
<a ent variables for the perception of orientation and shape are — 
cn or slope, of (a) movement across the retina, and (b) the isse. Du 
&radio arly disparate images. Thus Gibson (p. 172) writes: "The steepness e a 
ph nt towards crossed disparity running from the far to the near margin oi a 

Ysical surface is proportional to the slant of that surface.” If this is the case 


en it should be possible to isolate such variables and to measure their effect. 


III 
S METHOD 
Teal it h an experiment requires that all the determinants to the perception of the 


us a of the object must be controlled other than those it is intended to oe 
abolish, textural features, gradients of illumination, reflectance, etc., mus 

ed, together with cues to distance and depth perception emanating from 
walls, perspectives and so on, of the visual surroundings (Gibson, 1947); 
an le Addition, the stimulus object must be simple and abstract, without eie 
base j Which might assist deductions and help to give rise to analytic ju cene 
met on the perspective of the rotating object itself. These requirements w 


; j i i i in thickness and 
ty cm, g king the object a simple circular outline of wire I mm. n thic 


; 1 diameter whi i tical axis. Together with the circle was 
Prepare E er which rotated on its ver ie ivalent to 5° of rotation 


family of elli i arated by steps 

creatos cle through its icai to 80°. It Y thus F2 seen that there will be 

Set 15 different ellipses as comparison shapes. The circle and an ellipse were 

Of 155 2:5 Th. distant from the subject and were separated by a a ae 

Simulta his included angle is sufficient to prevent the subject fixating both stimuli 
neously, 
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entirely covered 
stray light. 
h a suitable 


160 


The experiment is carried out in a darkroom which has been 
with non-reflecting black paper and has internal traps to catch any 
The objects are seen by fluorescence, produced by coating the forms wit : 
substance and exposing them to U.V. radiation. Precautions were taken to avol 
corneal fluorescence or any other undesirable effects from the light source. Isolated 
from the experiment is a control cabin equipped with means of varying the rate 
of rotation of the shape and noting its angular setting when the subject recorded 
a match. To indicate a match the subject presses a small push held in the hand. 
During the experiment the circle rotates from the line of regard through 90* and 
returns to its starting point, thus providing two matching points, one in each direction, 
waxing and waning. 

The subject is seated comfortably in a chair and views the shapes at eye level, . 
his head resting against the wall to his rear and one eye being covered with a shaan 
In judging the shapes he is asked not to make head movements. It was consideres 
that any advantages which might accrue from the use of a head rest or biting boat t 
would be offset by loss of naturalness and ease for the subject. Subsequent nee 
by the experimerter tended to show that small head movements did not result ! 
any significant difference in scoring. :onary 

In order to compare judgments of shapes in motion with judgments of ni D 
shapes under identical conditions it was considered illegitima hape 


behind a screen and then presented for inspection, since i >, shape 
f the changing 9? 


situation the subject is able to see all the different aspects o ther 
and note that it has phenomenal identity and continuity. Therefore palm 
apparatus was constructed whereby the subject was able to adjust the stim For 


e control. 


be pl 
ld P arkness 


reserve 


circle to a point of compared equality with the ellipse by remot 
this purpose a "'Selsyn" device was used so that a small knob cou 
the subject’s hand, and the judgment made and recorded in complete 
In this way the identity and continuity of the phenomenal shape was P 
whilst destroying the independence and regularity of the rate of change. 
The method of scoring adopted was extremely simple, dispensing with the mi 
or Brunswik formula, Each velocity was tabulated as the only variable, JU Pimp 
for all the different shapes being aggregated. The measure of constancy ie: angle 
the excess angle recorded over and above that required to satisfy the visua ae 
Thus for the sum of all shapes, divided by the total number of shapes eee S. 
one velocity, the constancy value is comparable with similar values at other ve ai 
In order to measure the dispersions, the S.D. is calculated for each subject ? 
values averaged for each velocity. 


less 
Thon fe 


IV 
RESULTS 


TABLE I 


STATIONARY OUTLINE SHAPES IN DARK Space: HAND SET f 


Stimulus shape os sis 35° 40 
Match (in)  .. T m sa 41? 46:5 » 
» (out) .. sis sid 36? 41? 47 51 


S.D. for pooled mean (in) Mean constancy (in) L. oo002 
» (out) r8 " T (out) € = 


Subjects 12. N = 340. ae 


| 
» 
wo 
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TABLE II 


Oo å " 
UTLINE SHAPES IN DARK SPACE: MECHANICALLY MOVED AND MATCHED AT DIFFERENT 
VELOCITIES, VALUES AGGREGATED FOR ALL SHAPES 


Velocity và m : | go sec. 75 sec. 6o sec. 45 sec. 30 sec. 
Mean score. oF 3 | _ 49° 49° 45" 50° 48” 52? 28” 54? 51” 
Space error 1°15” irgo” 1° 0° 52” 0° 55” 
S.D. (in) 14 14 1:31 1:66 1:54 
E e u 4 13 135 135 145 14 
a (in) e 2:86 2:81 2:58 - Bue 2:8 
ET ad 2:66 2:71 2-66 948 2:55 
Constancys E: Ki a IE CE EFC mETUS 0-167 0:225 


o 


Subjects 12. N = 1140. * Mean Vis. Angle = 45°. 


a 


FREQUENCY HISTOGRAMS FOR FOUR VELOCITIES OF SWEEP RATE 
EI 


90 sec. Sweep 60 sec. Sweep 


Excess Angle. Excess Angle. 


30. sec Sweep 


45 sec. Sweep 


Excess Angle. 


Excess Angle. 
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From a comparison of Tables I and II it may be seen that there is a qualitative 
difference between the stationary and moving shape situations. Not only is the 
situation radically different even at the lowest velocity used but the rise in constancy 
with increase of velocity is continued as a smooth curve. In the case of the stationary, 
self-adjusted shapes the subject has relatively unlimited time to make a judgment, 
and it might therefore be argued that such a match is purely “analytic” in Brunswik's 
sense. At the same time, for the moving shape situation at the lowest velocity the 
subject has one and a half minutes during which the judgment may be made, yet the 
result suggests a totally different attitude. By attitude is meant a set of sensori- 

. motor dispositions rather than a conscious mental state, since introspective comments 
volunteered by subjects in the course of the experiment tend to suggest that variations 
in the mode of appearance of the shape do not greatly influence their actual choice. 
Thus during the experiment it is common for subjects to state that at one momen 

they see a circle “turning round” and later to report that this appearance has been 
replaced by that of a circle being “squeezed in and out." However, examination? 
of scores made during these different experiences failed to reveal any pong 


differences, From: the frequency histograms for four velocities it may be see 
and zero a 


there is a shift in the angles recorded in matches, from between - dnd t the 
the lowest velocity to a distribution approaching the normal around 7 , E^ m 
e due n 


highest. The rather wide distributions shown in the histogram ar 
variation in individual scores, as is shown by Table II, but arise fro 
of the constancy phenomenon. 


m the nature 


GRAPH or SHAPE MATCHES WITH CoxTINUOUS Movement oF STIMULUS 


CONSTANCY (THOULESS VALUES) 


90 75 60 45 30 


SWEEP RATE IN SECONDS 
. penc? 
onstancy > m jch 
f score?» . jon 
ap vari". 
with es wit? 


Each individual tenčs to have his own range of perceptual ci 
whilst means of pooled scores show large variations, grouping O 
ignores absolute magnitudes and records only changes in constancy 
of some determinant, such as velocity of change, results in a smooth cu 
small dispersions. 
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The hi 
€ histogram shows the whole range of possible scores, and it may be seen that 


8t th ie Wade a 
€ lowest velocities the distribution of scores tends to be skewed sharply toward 


e : 
Eu angle). It is obvious that there cannot be a normal distribution 
It will e Y this would correspond to the occurrence of “negative constancy.” 
his error v ed that the space error tends to fall with the increase in velocity. 
Shape is rotatin rS, E. might be expected, according to the direction in which the 
eing towards T ew subjects show anticipatory judgments, the general tendency 
is VEU uiui fee in judgment. Ata velocity higher than those covered in 
about ro amar! he space error becomes negligible. At this point, in the region of 
tinued im É s per sweep, constancy reaches a level from which it shows no con- 
Situation Ae tg It would seem that. around this velocity the perceptual 
Tegion of hi i es its greatest stability. It is also worth noting that it is in the 
appearance gher velocities that subjects experience the reversals in the mode of 

Whilst referred to above. 

a TE: range of velocities investigated were restricted to an upper limit 
theless clea: sweep rate only by limitations in the available apparatus, it is never- 
p enomenon that there is an absolute upper limit to the velocity in this type of 
Onfuseg, p m which the reactions of the subject will become hurried and 
Teaction by tl ch an experiment would then be investigating the speed and type of 

€ range of ne subject rather than determinants of visual constancy. _ Consequently 
. 42 conch experience to which these results apply must necessarily be limited. 
lt is misle, ae the coefficient of variation has been calculated for Table II as 
Mith increase i to compare the changes in dispersion by a simple measure since 

Welve subje cis constancy the range of possible variation in match is also increasing. 
2: Psycholo, 5, six of each sex, were used in the experiments, only two being students 
: Sua] defects >= five of the remainder university students. Two suffered from 
orDiect was i EE by spectacles), the rest having normal vision. A thirteenth 

Negative co Virg as anomalous, but provided an interesting case by giving scores 

Stancy in Experiment I and zero scores in Experiment II. Subsequent 


Sho I 
Such hi that this subject was unable to visualise the frontal-parallel ellipse 
angle of ti L dark space, but was compelled to experience it as a circle at some 


til 


V 


the rate of change 
es in which many 
do not have the 
perception. 
dients such as 


Co e A , , : 3 ; 
Stang a aoao of orientation, which together with outline makes possible 
n pe. " 

Te Such gj "- 
Sul Situations the perception of motion, a change of shape occurring 1n a 
above, namely, sloped 


Erag; Man: s 1 
joue o T. T, introduces fresh variables of the type listed 
tig t t etinal sweep and the skewing of binocular images. But there would 


© Strong objections to accepting such gradient variables as sole explana- 
that gradients of retinal sweep 


t of itself explain why per- 
not the shape be seen 


Sing « Otion is ascribed to orientation. Why should 
In addition, such 


s 7 
‘Weezed in and out" rather than “turning round" ? 
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explanation leaves unaccounted for the fact that when this former experience does 
occur, constancy is not thereby affected. To make such an account acceptable it 
becomes necessary to invoke a learning process in order to "interpret" such @ 
variable. But whilst putting forward a theory of gradient variables to account for 
constancy of perception, Gibson explicitly rejects a learning process as its concomitant, 
thus: “We do not have to learn that things are external, stable, rigid and space 
about the environment for these qualities may be traced to retinal images OT o 
reciprocal visual-postural processes . . . the world does not seem to expand as We 
move forward in the environment although the retinal image does. The expansion 
is a stimulus correlate for moving forwards . . . the face of an object does not look 
compressed when seen at a slant since the compression is a correlate of its looking 
slanted” (Gibson, 1950, pp. 187, 190 ff.). This appears to answer the question by 
ignoring it, since there is no account of how these two sets of stimuli ever come 
to be correlated. Similar criticism of Gibson’s views has come recently from Ittelson 
(1951), in the course of discussion of problems of size and distance perception. 

The gradient of binocular disparity has even less explanatory value in the presen 
case since the results in Table II were obtained using monocular vision; this var 
can be at best only contributory. 

Before passing to discuss an alternative line of explanation, i 
that in. experiments of this kind 
responsible for the maintenance of constancy is the real, perceptual kr ona 
the continuing identity of the circle possessed by the subject, and w ich he une 
sciously “takes into account” when making a judgment. That this is no are 
seems to be demonstrated by the results of Table I, where the subject also has Bre 
ception of such a continuing identity, apparently without this knowledge affec 
his immediate judgment. A 

The writer is indebted to Professor R. C. Oldfield for valuable suggestion? 
result of which the following hypothesis is tentatively put forward. "m 

In the present case not only have normally concomitant gradients af stimuli 
coming from the object itself been eliminated, but as far as possible ni tend 
contributing to the perception of the surrounding field also. This woul a pe 
prevent normal integration of object and field, or "figure and ground a true 
ceptual whole, and under conditions of monocular vision there will be "git ol 
perception of depth, and hence no orientation or putative placement 0° | ther 
an object. In fact, as was suggested by the case of the thirteenth subjec on thé 
may even be illusory experiences equally legitimate to a true perception 
basis of the available data. om 

What seems clear is that the appearance of such a stimulus is purely gus r 
there is no substantial “object,” that is, a real subsisting entity behaving ĉ® upp) 
to any general law. There is simply "an appearance." In the absence 9 nich * 
mentary cues a direct match between this phenomenal shape and another 
projection of it will approximate to the retinal stimulation. jar inet” o 

It is suggested that the intervention of motion in the manner of regu? st 
and decrease of the shape, taking place under limited ranges of Spec sously 
"create" the object as a real and subsisting entity. In this way, analog i s 
the various perceptual phenomena demonstrated by Michotte, there is T diret 
action between the shave as a stimulus, and what is happening to it P ich" of 
perceptible way, which gives rise to an object configuration, just as n Lus ratio? 
Situations interation between perceptual "objects" give rise to "config" 
causality.” 

In a similar way, the "creation of an object" as describ 


be noted 


t might ; 
E t what 1$ 


e, tha 


ed above may be 
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an the FE Lus 
iso ae Lissajous figures" seen on the screen of a cathode ray tube. When 
E nS = at es bs applied to the pairs of plates in such a tube it is possible to 
rings having px figure, from the simplest case of an ellipse to complicated closed 
Sors the x number of crests ("Crown" figures). As compared with the simpler 
depth: yet ium anum ones possess, whilst stationary, some degree of apparent 
perfection of ^3 4 intervention of motion can bring about a great increase in the 
Aré allowed io e illusion. For if by means of a continuous phase shift the crests 
the aspect of a A ee around the ring figure, the whole configuration takes on 
1947): (Weber 1 hree-dimensional object to an astonishing degree of reality. (Fisichelli 
€ outline fi uan. And it is suggested that a shape constancy experiment utilising 
Tesults to th m 5 produced by a cathode ray tube could be made to yield similar 
Tn conele se iscussed in the present paper. 
Dot claim ls it will be apparent that the type of explanation offered here does 
Seem that a ean account of the way shape constancy actually operates. It would 
Stancies in uos account could come only from a full genetic study of the con- 
Possible to he course of individual development. In the absence of this it is only 
Speculate on the means by which the factors discussed above are integrated 


in t 
€ process of perception. 
e Vi 


(* 
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LEARNINC OF A SERIAL TASK BY DIFFERENT AGE CROUPS 
BY E 


HL. KAY 


(The Nuffield Research. Unit into Problems of Ageing, 
The Psychological Laboratory, Cambridge) 


In a serial learning task given to subjects whose ages ranged from twenty to seventy, 
a decline in performance showed itself as a loss of speed in the thirties, a loss of accuracy 
in the forties, and a marked loss of both speed and accuracy in the fifties and eee 
Experiments on recall and reorganization of material verified that older subjects WEE 
forgetting more quickly than younger, but that one of their main difficulties was a 


inability to substitute new reponses in an already mentally formed se uence. 
; ; 4 rating normal 


Older subjects were not introducing new learning features but accenti o faf 
tendencies, such as the repetition of the same error at the same serial position. ns the 
unlearning, with d 


as subjects learned their repeated errors, final learning involved p 
often observable phenomenon of the previously learned error serving as the cue oantal 
more recently learned correct response. In terms of schematic concepts of x me 
functions, serial learning difficulty was not so much the formation of a general S0 rear’ 
but its subsequent amendment. Preformed habits influenced both th 
and its results, particularly in the constraints and expectancies which the 
serial response had upon another. 


making 


£ 


I 
: INTRODUCTION th 
s " P : ; . : w 
This experiment had two aims; it was intended not only to investigate i an 
an exa ub 


learning of a simple series was influenced by age, but also to see if 
of the’influences of the age variable had clarified some of the problem 
D 


studies. 

The reason why these aims should be so interlinked mig 
since the point has some bearing on the relations between tl 
not the psychologists—of the applied and the theoretical fields. 
that studies of ageing might throw some light on the essential and non 0r 
features of learning experiments, either by exaggerating normal tendencie anding 
introducing new ones It was the first of the alternatives which was 0 due e ture? 
in this experiment; older subjects were emphasizing, generally by repetition, gratio” 
which in some degree were common to all age ranges, and this very exage arning 
made it edsier to appreciate what were the outstanding difficulties 1? 
the series. ] exa 

To illustrate how the interlinking of the two aims worked in practice, two à Jean? 
of this exaggerated performance will be briefly indicated. The series to an aent? 
was very simple in order that all older subjects could master it within the or 
period. Yet some subjects took so long to learn this short series tha 5 stud d 
only obvious when their progress was held up, but it became possible ly Jen 
process which could most fittingly be called the unlearning of previous” i e, 
responses. It was because of older subjects’ extended efforts to lea atl 
situation where the number of possible responses was so limited, that 
of this unlearning could be scrutinized. ; 

The second example is given because it is related to recent work whic d E 
out the inadequacy of examining serial performances as if they were 5 such wide 
of discrete stimulus-response units. Some of the experimental findings i ors 
have stressed that no matter how strictly the conditions are governed, P 
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Comes en the “correct” kev i ; "T" 
: ect" key is pressed the light which is on goes out an 
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th ; 
avc pci control are likely to influence the result. Whitfield (1950) 
Were given t ese influences by proceeding to a logical end-point where the answers 
OW et ec oed questions. - In the present paper an effort is made to indicate 
Positions, A y Similar extraneous influences were actuating responses at some serial 
- Again it was a consideration forced upon the experimenter by the 


exa, 
Thus ied performances of older subjects. 
e discussion in this paper, though conducted at a descriptive rather 


Ulan an ex s 
earning | ques level, does aim to clarify some of the characteristics of serial 
; in addition to showing how their expression varies with age. 


3 H + 


Description GF Apparatus EXPERIMENTAL METHOD 
e Subj d 
i that ae was presented with a row of ten lights positioned above ten morse keys, 
Eys are spa, ight has a morse key just below and in front of it. Both the lights and 
a aan two inches apart and are numbered one to ten. 3 
Vithin the t of post office relays allows any series of lights, and any length of series 
en lights to be set up. The key connections to the relays are also inter- 


angeab] 
i * so that any key can be made to control any one light. When a "correct 
light which is serially 


Y is $ 
connected t it puts out the light which is showing and puts on the 
Subject © the last one. Every key is recorded separately. 

s. 

Fit ; ? 
to seventy, ects took part in the experiment, ten belonging to each decade from twenty 
fes Occupati, "ae far as possible in selecting subjects, those of each age group were matched 

Sions, and goa social background; seven of the ten represented business or the pro- 
e other three were skilled or semi-skilled workers. - 


*beyi 
* te oe Instructions. 
© had Pparatus was explained and demonstrated to a subject before telling him what 
>d to use only the keys 1-5. 


For the first part of the experiment he was aske 
i uld repeat 


ut a mi 
mistake. When this correct sequence was fol 


We ey w c t ; 
Te as ih pressed, Typewritten instructions were 


0 
U the appa INSTRUCTIONS TO SUBJECTS 
ratus works. 
d another light 


on, 
Tyhen an “error” : 
QUE wera key is pressed nothing happens. —. 
hat you quence one key will only put out one light. e 


JW hen asked to do. 
.9 Seri 7 
this a light ries you will only use the lights and keys 1-5. TT 


li Eht Will start at t key w 

Eh an : 1. You are asked to find the correc y 

[EMI Which E Put it on at another point. You then find the next correct key for the 
*x dure until the light comes back to its 


Sition TER on, and you repeat this proce 
to hit V rest fors his ends the first trial. 

y th 15 seconds and then are aske 

OU cop. ime keys. 

witho to repeat the sequence un a 

ut a mistake for two consecutive trials. 


d to begin again, trying to remember and 


til you have learned the key series and can 


lage I 
DEsIGN OF EXPERIMENT 


De 
he gupi ne of Seri 
©, Subje evies I and II. ; 

7, c teys y,J*€t lea ; f i d above. In series I the first 
a d 1o, g'e sid iy R Seri j ef five keys i E series TT he other five keys in the order 
Ties t 9, Subject the order 2, i oh ñj i tk 9 in series II differed from that 

ec were tal gt the order OF M yg” me ni 

a of two Gol 


755 Were Jearnei] to a criterion © 
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Stage II. Relearning of Series. 


i j he first series. 
fter he had learned the second series. the subject was asked to repeat t 
If ime pnm was not correct at first, he continued until he had completed one correct 
trial. The second series was retested after the first. 


Stage III. Alternation of Learned Series. 


Finally the first lights in both series I and II were put on together. A subject d 
asked to begin with the first move from series I followed by the first move from series. S 
and continue the alternation between the series until he had completed both. Two trials 
per subject were made under these conditions. 3 i 

For this stage subjects had to construct a new serial order out of the two previously 
learned sequences. A great deal of interference was anticipated in such a performanoe 
It was hoped that the task would give some indication of the relative difficulty, and the 
nature of it, for different age groups. it 

Subjects never knew the full extent of the experiment until they had completed in 
nor were they told that there would be any relearning or alternation tests until they were 
asked to do them. 


The way in which certain terms will be used can conveniently be given here. 


Trials.—A trial was measured from the time when the first light was switched e 
to when the subject pressed the last correct key in the series. (This returned the lig je 
to its original starting-point and after 15 seconds another trial began.) Thus in a sing 


trial we had a measure of the time taken, and the errors in making the five correct 
responses. 3 , 


Errors.—Any number of errors might have preceded the correct response at each 
position, ` 


^ 


r . 
First errors.—Limits this number to the first error response only at each serial position, 
ie. in a five-item series there could not be more than five such errors per trial. 


Repeated errors.—A frst error made at the identical serial position on more than one 
trial. This measure excludes the first time the error is made. 


Serial position.—Serial position referring to the temporal order of a response within 
the series; and n 


Spatial position.—Spatíal position referring to the actual place of the keys on the key- 
board are frequently contrasted with one another. 


The three scores, trials, learning-time and errors are not independent. The number 
of trials is to some extent dependent upon the number of errors when the subject E 
learning to a criterion of two correct trials. Learning-time depends partly upon th 
number of trials and partly upon the general tempo of performance. 


III 
: RESULTS 
A. Differences in Performance Between Age Groups. 


Stage I.—The learning-times, the number of trials and the number of errors fF 
- both series are given in Table I and graphed in Figure rz. 


ka The thirties made only slightly more errors and took slightly fewer trials than 


the twenties. Their overall learning-time was, however, greater than the D ca 
because their tempo of performance as indicated by their time per trial was slower: 
This is further analysed in the section on learning times. ts 
The forties took more trials and made significantly more errors than the os 
but their learning-time was not proportionately greater—here accuracy had fal 
off more than speed. “° iy i 
Above the forties all three scores, errors, time and trials increased rapidly. ihe 
sixties were taking more than twice the trials, making more than three times E 
number of errors and spending three to four times longer over learning the t 
than the twenties. , 


P — 
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TABLE I J 


LEARNING-TIME, NUMBER OF TRIALS AND ERRORS FOR AcE 
Groups IN SERIES I AND ID 


4 


Errors 


Trials Time 
as group 
10 subjects Means Means Mean. 
d s 
per group) (in secs.) S.D. (in secs.) S.D. (in secs.) S.D. 
2029 " Series I 
20-2 "o 2:32 7s 21:10 16:7 . 
see 49 2:00 870 22:29 18:4 mi 
| ier 59 2:45 854 22:23 23I 9:70 
2 E 104 4°59 193: 50:89 395 25:10 
d TUUM 12:3 5:91 238:3 93:48 53:9 37°30 
5 Series II 
20-29 3:9 1:64 424 13:03 ir8 11:98 
30-39 3:9 2°73 60:6 21:26 1:9 730 `“ 
40-49 6:2 3:49 81-0 22:67 24:8 16-10 7 
io 29 84 4:69 1551 60:80 ^. 299^ 22:41 
0-69 9:6 6:16 2071 7499 || 46:6 
Totals for Both Series Ji ! us 
20-29 9:9 2:38 1142 22:602 g 28:5 1533 
30-39 8:8 4°31 147:6 41:05 . 303 » 1840 
40-49 12:1 511 166-4 34°59 479 * 21:82 
a ee 18-8 6:85 348:2 92:07 69:3 4443 
0-69 21:9 II:3O * 4454 155730 é 100:5 69:01 


| 
d Lp o are up to and including first correct criterion trial. 
(1948) he tables has been calculated in accordance with the, form 
948» for the rank correlation coefficient. 
Errors: Ranking all subjects by age ranges. 
Normal deviate = 4'20, P < 0o01. 
Dichotomy: Subjects in thirties and forties. 
" Normal deviate — 2:08, P < 0°05. 
Time: Ranking all subjects by age ranges. 
Normal deviate = 4°48, P <o:00%. + 
Dichotomy: Subjects in forties and fifties. 
Ti l Normal deviate = 2:46, P< 0°02. i 
ime per trial: Dichotomy: Subjects in twenties and thirties. . 
Normal deviate = 2°23, P < 0-05. " 


The normal deviate 
alae given by Kendall 


~~. i 
2^ 


ne variability of performance increased greatly with age, as indicated by the 
de mn the standard deviations for all three scores. In so far as these standard. -4 
om are roughly proportional to the corresponding means, it can be said. 
that the relative variability of the different decades is not greatly increased But 


in absolute measure the variation between subjects in the higher age ranges is very 
much greater than in the lower, and this produces some overlap in scores between 


Cir 

( TN ame of different age groups. That this is not marked can be seen by the 
D peny significant figures when the errors or the times of all subjects are ranked 
€ y age groups. 1 à 

| Stage II: Relearning.—The relearning data 
| th The decline in performance is similar to that in the original learning except 
that the thirties are now significantly less accurate as well as slower than the twenties. 


P. 


are given in Table II. 
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FIGURE I 


Mean TIMES, Errors, AND TRIALS PER SUBJECT FOR LEARNING 


BorH Series (excluding criterion trials) 


o TIMES 
e. ERRORS 


x TRIALS 


$ TIME IN SECONDS 
ERRORS 
TRIALS 
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20-29 30-39 40-49 50-59 
AGE RANGE 
TABLE II 


RELEARNING TEsT ror BOTH SERIES 


————— —À 


Trials How often series 
Toii was correctly —— 
Age groups | Relearning Total recalled on first - 
(10 subjects time incorrect Total trial. (Maximum fa 
per group) (in secs.) Total trials. errors possible = 20 . 
is 
20-29 115 23 3 7 18 " 
30-39 333 44 24 40 12 
40-49 376 42 22 77 9 
50-59 842 56 36 119 4 
60-69 878 66 46 166 2 


Total figures include first correct criterion trial. 


Errors: Ranking all subjects by age ranges. 
Mormal deviate = 4-83, P < o-oor, | 
Dichotomy: Subjects in twenties and thirties. 
Normal deviate = 2-38, P < 0-02, 
Time: Ranking all subjects by age ranges. 


Normal deviate = 4:56, P < 0-001, 
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Results at this stage depend mainly on recall, as impaired by the length of time 
Since learning a series, and also by the retro-active effects of subsequent learning. 
This decline of the thirties stresses that, however comparable their learning was to 
the twenties, their forgetting was certainly quicker. 

The first errors which were made at the relearning stage were mostly repeats 
of the first errors which the subject had made during the initial learning. This 
was verified by checking the agreement between the modal error which each subject 
Made for each serial position at the two stages of the experiment. Of the total 
number of modal errors in the relearning, 77:1 per cent. agreed with the subjects’ 
modal error in the learning. 


. Stage III: Alternation of Series.—The data for the third stage of the task (alterna- 
tion of items from the two previously learned series) are given in Table III. Aggregate 


TABLE III 


ALTERNATION OF SERIES 
(two trials only) 3 


Age group Number of correct 

(10 subjects Total time v^ trials (20 possible for Times per 

per group) (in secs.) Errors each age group) key struck 

am e SR SEEN L 
20-29 489 28 9 2:14 
30739 484 55 7 1-90 
10-49 594 75 5 2:10 
50-59 763 77 £ lhe 
60-69 1,179 152 o 6 3:35 
Errors: Ranking all subjects by age ranges. a 
; Normal deviate = 4:07, P < 0:00I.. 

Time: Ranking all subjects by age ranges. 


Normal deviate = 5:01, P < 0-001. 


time and errors are shown and as these are for the same two trials, the time per key 
Struck is also given. Here, as in the initial learning the tempo of older subjects is 
markedly slower. The fifties and sixties found this a very difficult task—only two 
Out of their forty trials were correct. In alternating the two learned series a subject 
E not only to select and differentiate between items in a manner apparently akin 
M s that required in the original learning; there was à further difficulty, which the 
Older subjects in particular experienced, and which could be mainly ascribed to 
1 HH i firstly, the stress which this selection imposed upon memory. The 
Fa ject had to retain in two separate series the responses he had just made, and 
t the same time recall the serial responses which were to follow; and secondly, 
Negative transfer arising because a response no longer followed in its previously 
earned serial order, but was replaced by a new response. 


B. Increase in the Learning-time with Age. 

_ Subjects had been given no instructions whether learn 
eing scored. From the nature of the task it is likely that they would have been 
€d to pay more regard to accuracy than to speed, since there was no indication at 

What speed they should perform, but there was immediate indication whether their 
Tesponse was right or wrong. So far as could be judged both on these grounds, 
and from observations by the experimenter, subjects were setting their own tempo 


ing-time or errors were 
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of performance, i.e. the time taken to strike each key. The variations with age in 
` preferred tempo can be illustrated by considering “time per key struck” on the first 
trials only, during the initial learning of series I and II. | 
TABLE IV 


TIMES FOR First TRIALS ONLY 


Series I Series II 
First trial First trial 

time as time as 

«| Time per cent. Time per cent. 

Age group || Time per | per key of total Time per | per key of total 

(1o subjects) || first trial struck learning first trial struck learning 

per group) || (in secs.) | (in secs.) time (in secs.) | (in secs.) time p: 

20-29 170 E 22:3 177 1:53 39:2 
30-39 290 s 31:5 212 1:78 3277 
40-49 260 " 29:0 232 1:86 27:6 
50-59 338 d 16:9 269 1:95 16:7 


60-69 339 2: 14:0 311 2:22 1477 


Decrease in learning-time between series I and II. 


Subjects in the twenties and thirties: Difference between the two means for the 
decrease of time between series I and II: t = 3:022, P < oor. j 


4 
pa. RADI ee eer eee Ac QM ACE 

It will also be seen*from Table IV that there was a striking contrast between 
the performance time for the twenties and the thirties. For the first trials in 
series'1 the twenties took 170 seconds and the thirties 290 seconds; for the first trials 
of series II the twenties were the only age group to increase their time while the 
thirties decreased theirs from 290 to 212 seconds. Taking as the variable the 
decrease in time from series I to series II the mean value for the twenties was foun 
to differ significantly from that of the thirties. k the 


These facts suggest that from their experience of performing the first tas their 
o 


younger subjects recognized that their initial speed was not advantageous t 
learning. Support is given by the direct observation of the procedure which eom i 
subjects adopted, and by their comments whilst carrying out the task. At t" ^ 
first trial they were willing to begin without any clear idea of how they were going 
to proceed,’and allowed the actual performance to dictate their technique. As i: 
result of the practice effect from series I they completely redistributed their learning-  — 
time in series II, spending 39 per cent. of their total time on the first trial. h 
The thirty to fifty age groups were much more painstaking in their appro? 
carefully examining display and controls both before and during the first Ec 
They asked many leading questions such as, “Then I don't need to look at - - - hn 
They were seeking answers not only about the apparatus but how they € n 
perform on it, so that they tended to start with some method for doing the d. 
The effect of practice for the thirties, and for all the age groups except the rs a 
was that they began the second series at a quicker rate than the first, but 1 nia 
interest that in all these age groups the ratio of the first trial time to ue 
learning-time is constant over the two series. (See Table IV, percentage iac 
figures). Only the twenties increase this time distribution on the second meee 
From the figures in Table IV indicating that for the fifties and sixties the that 
per key struck” is about one and a half times that of the twenties, it appears 
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the slower tempo of performance of the older subjects was contributing a little 
to their longer overall performance time. But this slower tempo would not account. 
for the whole of their increased learning-time which is three to four times that of 
the twenties. A study of the type, the number and the repetition of errors gives 
some explanation why the time increase was so great. m 

It is being stressed that this increase may have arisen from more than one 
contributory cause, since there has been a tendency in ageing studies to measure 
overall time and contrast it with the quality of performance. Sward (1945), for 
example, says, “Other things equal, age has the effect of impairing the rate far 
more than the quality or the accuracy of the mental operations here considered.” 

It may well be that scores of accuracy on such tests between different age groups 
are often more comparable than their overall time scores, leading to conclusions 
such as the above. But the different time scores between age ranges may be indicative 
of just those changes in "'the quality of the mental operations” which their identical 
Scores for accuracy are concealing; that is to say different age groups may have 
gained the same end score of accuracy by very different ‘‘mental operations.” There 
is a hint of this in the same error results but different time scores for the twenties 
and thirties. 


C. Characteristic Errors in Learning this Serial Task. 


So far we have considered the methods by which this task was executed only 


M respect of quantitative criteria—number of trials, number of errors and time 
performance was 


taken. In this section we shall be more concerned with how per 
qualitatively modified by certain characteristic errors of serial learning. We shall 
be considering two types of learning mistakes—those arising irom various expectancies 
Which subjects had about the spatial randomization of responses, and those occurring 
because subjects anticipated items in the partly learned serial order. j 


(xj A Spatial Expectancy Error. —The errors in series I and II do not conform 
to the usual distribution within a series where the maximum point is at the centre. - 
It will be seen from Figure II that at some points in the two series there is a striking” 
Teversal in the distribution of errors; for example, the second position has the 


Minimum number of errors in the first series and the maximum in the second, is 
Order to examine how far this tendency had persisted throughout the course O 


learning the first trial : : d 
rst trial of all 50 subjects was analysed; the number of errors made 
' f errors in the first 


at each serial position is given in Table V. The distribution o n 
trial, particularly that on series II, is similar to that for the total learning of the 
Series; the second position still has a strikingly different number of errors for the 
two series. 

We cannot account for this result by any specific interac’ les 
and II; the maximum number of errors still occurred on the second serial position 
When series II was given independently. The explanation seems to be that a subject 


prings to the learning of a serial task certain expectancies and hares are of oo 
ind, i i a previous! executed series. e mos 
ndependent of a specific transfer from à p. y cone ts tow BG. 


obvious illustration of this is the subject’s jdea of alternation. 

ey at one end of the board he expects the next response to be towards the oes 

end. He does not anticipate that the next key may be adjacent to the one he has 

Just struck. As one subject put it: "I was working on the principle that if I hit 

a correct key at one end, then I tried the other.” . : 
It is of some note that, coupled with this tendency, subjects seemed to find it 

easier when the movement involved going from left-to-right than from right-to-left. 


tion between series I 
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If we check the number of errors made in learning keys which involved these con- 
trasted movements, we find the errors scored were 946 from left-to-right and 1,506 
from right-to-left. However, as these movements could not be equated in their 
serial positions, Table VI only gives the figures for the second and third serial 
positions. + " 
FIGURE II 
TOTAL ERROR RESPONSES AT EACH SERIAL Position IN LEARNING 
Series I anv II (50 subjects) 


500, 


D 


v, 300 KEY ORDER 
x Mist SERIES: 2, 4,3,1,5 
[4 " 
& ooo 02nd SERIES: 7, 6,10,8,9 
4 
, j 
100 ó , 
0 ! "2 $ 4 5 SERIAL POSITION . i 
2 4 3 J 5 KEYS IN SERIES I 
Z 6 10 8 9 KEYS IN SERIES IL 
TABLE V P. 
ERROR RESPONSES AT EACH SERIAL POSITION ON First TRIAL 
Series I Series II was 
Serial position .. a T 2 3 4 5 I 2 3 4 mo 
Correct key T TE 2 4 3 i 5 7 6 | 10 8 | 


A I 
Number of errors ..|| 60 73 92 79 94 56 |128 93 | 68 5 


Examples such as these two—the subject’s idea of randomness and the are 
right contrasted with the right-to-left movement—suggest two points. t 
features emphasize that:in considering the effect of serial position upon oe 
it is necessary to allow for the influence of more than the ordinal position o ply 
item within the series. The idea of serial position needs to include the proba E 
more fundamental point of the constraints and expectancies which the making 


x - eges Pu -— cues 
one response will have upon the next—one action is giving the “direction” OY 


e m 
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for the next. It is in its relational context both to previous and to anticipated 
responses that the ease or difficulty of learning an individual response must be 
understood. a 

At the same time it is being stressed that these specific predilections for certain 
serial items or for directions of movements merely exemplify more generalised 
tendencies, and they have been put forward to illustrate the more general point. 
It seems that when subjects have to make a choice at any particular serial position 
they do not give equal weighting to all possible responses. They bring to the task, 
as illustrated by data from their first trial, definite preconceptions as to what it 
would demand of them, and how they would comply with these requirements. And 
their responses throughout learning show that, far from having only an initial 
influence, such preconceptions have a lasting effect. These then are variables which 
are inherent in adult learning and in so far as it is probable that the older subjects 
have the more definite preconceptions their learning is the more likely to come 
under such influences. 

TABLE VI ^ 


ERRORS MADE IN LEARNING LEFT-RIGHT AND RIGHT-LEFT MOVEMENTS 


Left to right errors Right to left errors 


_————— 


ees eS 


Second serial position 176 (key 4) 350 (key 6) 
Third serial position .- 290 (key 10) 385 (key 3) 
| ace lis a E, 
Totals T ots 466 735 


(2) Anticipatory Errors. These errors—‘‘one of the very widespread phenomena 
ot learning” (McGeogh, 1942)—have been discussed by learning theorists of all 
Schools, (Spragg, 1936, briefly reviews the literature on the subject.) Normally 
the name includes all responses which are subsequently correct in the series. Here, 

ecause the series is short, we are only considering the immediate anticipatory 
error, i.e. the first error response made at any serial position. In calling these errors 
anticipatory the intention is to emphasize their relation to responses which are 
Subsequently correct in the series; it is implied that the subject is aware of some 
Serial relationship between the responses which have been made and those which 
are still to be made. " ; 

We shall consider in this section the part which anticipatory errors are playing 
as learning proceeds. Of all errors they were the most common and the most 
Persistent. This is illustrated by the learning record for a single subject, shown in 
Table VIL. It will be seen that in series I, where the correct order was I, 5, key 5 
Was repeatedly hit at the serial position of key 1; in series II where the order was 
8, 9, key 9 was hit at the serial position for key 8. In order to bring out the generality 
and persistency of this type of mistake, the total distribution of first errors 1s shown 
ìn Table VIII. The error keys are placed in serial order so that the immediate 
anticipatory error is shown first at each serial position. In nearly every instance 
most mistakes were made at this first point; the one exception was the first serial 
key'in series I. The distribution over all the keys was anything but random; there 
Was a definite tendency for those responses which were serially nearer to the correct 
Tesponse to occur more frequently. R P 

In an attempt to find out how this process of concentrating upon the anticipatory 
errors developed during the course of learning, the total distribution of Table VIII 


TABLE VII. INDIVIDUAL SuBJECT'S LEARNING RECORD FOR SERIES I AND II 
Series II 
seran oeger of 2 4 3 1 6 10 8 9 
ae =| 3 5 — 8. & 1% | % 
"9 'g 9 10 
[i "U^ 
3 1 = E 5 9 9 6_ " 
3 E 8 Sd Tl G 
3, 10 7 9 
2 E mS 
3 1 5 2 5 9 9. 9 
3 3 4 8 8 7 6 
4 3 10 7 6 10 
2 -— 
4 1 3 2 5 9 9 ad 
4 5 "a 8 T] 
2 10 —— 
5 1 = T8 5 8 8 le 
4 " qd 9 
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was further analysed. Table IX, laid out in the same manner as Table VIII gives 
the percentage number of errors at each serial position for three different stages during 
the course of learning—the beginning, the middle and the end of each individual's 
learning record for each particular serial position. If we compare these figures with 
the percentage figures for Table VIII we can see that initially (row A) there was 
little or no tendency to agree with the anticipatory order: we have an almost random 
distribution. By the middle stage of learning (row B) the distribution of errors 
was conforming to the serial order, and this tendency to concentrate errors more and 
more upon the key which would be correct at the next serial position was at a 
maximum in the last stages of learning (row C). The process was not one which 
developed and then declined, rather it was something which developed and was 
most rigid in the later stages of learning. A subject's error responses were the most 
predictable at the point just before learning was completed. These results imply 
that the length of time which had elapsed, and the number of events which had 

% taken place, since a key was correctly struck, partly determined how often that key 
was tried at any serial position. From observing subjects' performances when these 
anticipatory errors occurred it was often possible to distinguish" one of two pro- 
cedures being followed. (It is not implied that these were always distinct, and indeed 
it is thought that the second succeeded the first as learning proceeded.)— 


(1) The first procedure, which characterised the early stages of learning, was 
generally slow and hesitant as if a subject, not knowing the right key, 
pressed one which he had not used recently. 


(2) The second was a more definite selection and typical of the later stages of 
r learning, when the subject had established some serial order and was anti- 
pating responses which he knew he had yet to make. A key was selected 
because it was thought to be the next serial response and in fact it proved 
to be the next but one. The speed with which this wrong response wa§ made, 
and a subject’s surprised reaction when he discovered that it was wrong 
were indicative of this stage of learning. This point is considered more 
generally in the discussion. ' 


C. Repetition of Errors. 


The discussion of anticipatory and spatial expectancy errors, giving examples 
| of the disproportionate frequency with which certain keys have been hit at some 
* serial positions, provides some preliminary indication how far subjects will continue 
to repeat the same mistakes. It should be stressed that errors and error repetition 
were not differently distributed between age groups, but that older subjects were 
exaggerating repetitive tendencies which were typical of all age groups. | In the 
fifties and sixties 76-3 per cent. of their first responses for each serial position were 
repeats of former errors. Some repetition is, of course, inevitable in a five-item 
Serialtask. Even so, an examination of individual learning records such as the one 
given in Table VII, or of the distribution of errors as shown in Table V IG makes 
it fairly clear that this repetition is not due to any chance selection. . There is an 
obvious tendency to repeat some errors at the same serial position in successive 
trials. p : 

When an attempt is made to demonstrate this preference statistically the difficulty 
| arises of assessing the chance probability of a particular key being struck at a particu- 
' lar point. This probability almost certainly changes during the course of learning 
when some of the responses are learned more quickly than others. A binomial 
method was adopted of showing for one serial position a marked concentration 
| upon one error key as opposed to all the other error keys, which up to that point 
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in the series had not been correctly struck. The second serial position in series I 
was taken as an example: the correct key is No. 4 and the three error keys are 3, I 
and 5. The calculation was made on the assumption that all three error keys had 
an equal chance of being struck. When the probability for each individual subject 
in the fifty and sixty age groups was summated, it was found that key 3 as compared 
with the other error keys had been chosen significantly miore often than chance. 
. Using the method given by Fisher [r925, p. 99] of combining the probabilities, 
values here were x? = 61-55, degrees of freedom = 40, P < 0-02. 

_ This demonstrated that there was discrimination upon one particular error 
response as opposed to another. An attempt was then made to show that a similar 
preference was operating when the choice lay between two responses which had not 
yet been correctly made in the series, but when one was an error and the other 
the correct response. The fourth serial position leaves the subject with two such 
responses: in series I this would be the anticipatory error, key 5, and the correct 
response, key r. It will be remembered that the learning criterion was fulfilled 
when two consecutively correct trials were completed. But the difficulty arises 
that this serial position was generally the last to be learned, so that the striking 
of the right key at this position for two successive trials would have fulfilled 
learning criterion, even if such responses were accidental. Thus, the number O 
incorrect attempts observed was almost certain to be higher than the number d 
correct attempts. The problem was solved in an indirect way. It was ou 
that there was equal probability of a subject hitting either the correct or the aa 
key (i.e. P = 4 at each trial) and the chance of continuing for any given number 
of trials without hitting the right key twice in succession was calculated. It w 
be appreciated this wać a strict criterion—it assumed no learning of the n: 
responsc by the subject. Even so, when the individual probabilities for the ben 
in the “ifty and sixty age groups were summated, it was found that the probabili y 
of obtaining by chance es many trials at this serial position as those acre 
observed was very small. The expected number of trials by chance was e that 
mean observed number of trials at this point was 8-9. Thus it can be sal errot 
during learning these subjects had shown a significant preference for n K 
rather than the correct key. (y? = 60:55, degrees of freedom = 40, P «o0 ke 

This gives some statistical verification that a subject is choosing to ma an 
particular error at a particular serial position in preference to both other ene n 
correct responses. Of course, this is no new phenomenon, but can be substan ce, 


instan 
by the results of other serial learning experiments. Lumley (1932), T Geor 


gives examptes of increasing rigidity of responses as learning proceeds, as € of the 
(1942) and Spragg (1936). It is only in the unusually persistent repetition 
older subjects that anything novel was introduced. 
IV 
DIscussION cature 


7 s ing feat", 
In so far then as these results are exaggerations of typical learnt jlowiné 
Observed by many experimenters, they can serve as the basis for the 
observations. 


Influence of Preformed Habits. tinction 
_ The experimental findings indicate that for all subjects there 15 4 er culty 
in learning between the difficulty of retaining the correct items, and the 


writer 
. .* For this method and for much assistance in discussing the problem, 
indebted to Miss Violet Cane. 


i5 
the 
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of retaining items some of which may not be correct. The question why a subject 
should find it easier to learn certain error responses rather than their correct equiva- 
lents is as difficult as it should be revealing. Older subjects were certainly capable 
of establishing, relatively quickly, a series of consistent responses; in a comparatively 
short period they were retaining some facts. Differences in final learning-speeds — 
between age groups were not to be explained completely by differences in rate of 
forgetting. ' , è 

The results presented in the section on spatial errors suggest that one explanation ` 
why some items were learned more quickly than others was to be found in the pre- 
formed habits of subjects. This can be related to Bartlett’s work on dominant 
detail where dominance seems so often to be established as a result of experience 
(Barlett, 1932). Subjects learned those items to which their preconceptions of the 
material and their general expectancies had directed their attention.. Ageing 
studies, in their emphasis upon how far subjects attempt to relate instructions to 
their own experiences, do stress that a learning experiment and its material cannot 
be treated as isolated phenomena with independent and measurable objective 
difficulties. Ax s 

These findings can be placed in the general context of experimental evidence 
illustrating how far subjects have their own preconceptions by which they make for 
themselves a structured field however unstructured it may seem to the experimenter. 
Of such work Skinner's (1942) analysis of the repeated guessing of alternatives, and 
Whitfield’s (1950) “The Imaginary Questionnaire” are some of the clearest examples 
of the initial tendencies which subjects bring to a situation. The data of the present 
experiment show how these initial tendencies continue to influence subsequent 
learning, both in the manner of performance, no less than#in the result. 


Interaction of Items in Serial Learning. 2 
Rote-learning of a series seemed to be a positional fitting "together in a unified 
relationship of a number of originally discrete items. In studying how a subject 
assembled this material we have to allow for the interplay between items as they 
were combined within a total pattern. Every item became related to every other 
item, and was influencing its choice at any particular point. We have noted this 
influence at the beginning of learning where one response indicated, even dictated, 
the choice of the next, so that the ease of learning the next item depended upon how. 
far its position conformed with such indications. Later, as learning proceeded 
there was a tendency for the subject, when he reached an unkown point in the series 
to put forward the learned items which were closely related to the unknown point. 
Generally, as we have seen, the subject did not repeat the correct responses he had 
just made, but selected responses which followed the unlearned item in the series 
—that is, he made anticipatory errors. The result was that the subject established 
a mental series which was shorter than the actual series, because two known items 
were related together to the exclusion of an unknown. If learning was to be completed 
this relationship had to be amended by adding to or substituting within the originally 
learned sequence. But the older subjects, having achieved some serial organization 
of material, tended to adhere to it. ae : 
It was this correction, demanding substitution within the sequence which was 
one of the weakest parts of older subjects' learning. Once. incorrect responses had 
been learned, the subject had to learn new responses to replace them, whilst repeating 
the old responses which were correct. The learning of a new correct response at 
a previously learned serial point—here equivalent to the old stimulus—puts the 
leafner in a negative transfer situation. The point emphasizes how far rote-learning 
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does involve a correction of errors, and the essential difficulty of that correction 
when it necessitates a modification to the mental form which a learner had given 


to a series. 


The Need for Amending Schematic Material during Learning. 


If this is thought of in terms of some schematic concept of mental functions, 
the crucial learning difficulty was not so much the formation of a general "scheme," 
but the amendment of it. What the subject had schematically determined to be 
the response was predicted as the response, and with some subjects continued to 
be so predicted long after objective evidence had repeatedly shown it to be otherwise. 
It was in this sense that a subject could be thought of as trying to impose a schematic 
form upon the material and being reluctant to amend it. It was a reluctancy 
that was obviously increasing with age. 

From the point of view of a subject, it can be said that in rote-learning he intro- 
duced and, in so far as he repeated them, learned his own errors. Failure to modify 
the learned series led to continual repetition of the same responses. It was the 
paradox of this repetition that, whilst it strengthened the correct responses, it often 
seemed to be reinforcing the errors, which as we have seen, became more stereotype 
and rigid. This was almost a vicious circle procedure, in that, if a subject was 
left to his own resources, he could only learn by further repetition, but that repetition 
was also strengthening the errors he was trying to eliminate. . í 

The continual repetition of errors and the difficulty of their correction are, 0 
course, not peculiar to rote-learning. Stereotyped procedures, which would paralle 
the continual repetition of errors have been frequently found in problem-solving 
and might be compared to the rigidity of behaviour reported by the psychiatris 
The previous section tried to bring out how this difficulty of correcting mistakes u 
a learned sequence was a feature of rote-learning, since such correction and mediton 
tion suggests an activity closer to problem-solving than to rote-learning as s = 
been traditionally conceived. It is felt that the results of this experiment m 
the essential continuity between the two activities which have often been regar 


as distinct. . he same 
There was evidence that subjects found their continual repeating of the rises 
der of respo 


mistake a frustrating process; they were trying to establish one orde hat the 
and the material would not allow it. Often they became so convinced thé they 
ot correct that f 


apparatus was at fault when their predicted response was n ie 
Such indication 


accused the experimenter of changing the key sequence. SE SOUL 
emotional stress would suggest that a full explanation of error repetition This 
“have to consider how a subject becomes "involved" in his own solution. woul 
experiment can provide only descriptions of behaviour, but at that level it ence 
definitely support the argument that a subject after learning a wrong Sed 
tries to “make” it the correct one. 

Learning Involves Unlearning. pii shed 


Learning seemed to be achieved finally when the subject h 
the correct serial responses that the error could be located in it 


the schematic material had become "articulated" ( noel 
select from within &* , pe 


n 
related items and identify the locus of error. that QUT pet 
course of learning a subject gradually identified an error which he 
sistently, and only after that did he learn the right response to replace it. ky 
ing the task at this stage the subject literally moved to press the right 
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wrong; his actions showed that the previously learned error was now serving as 
the cue for the more recently learned correct response. Thus one way of learning 
—and it was common enough although circuitous—was to link right and wrong 
together, so that it was not the isolated correct response which was learned, but the 
correct response related to an incorrect. The persistency with learned material of 
this correct to incorrect relationship, of the older to the more recent material, is 
again a fairly widespread phenomenon, and in a specialised field has been reported 
in prefrontal leucotomy cases. 

For many subjects, therefore, learning was a process involving much unlearning 
and much amendment. As ever, the poorer performer was executing the harder 
task. He was spending much of his time trying to unlearn an error which he had 
himself brought into the task, and he still had to learn the correct response. A 
difference in the actual mental tasks which have been undertaken and achieved, 
seems to be some of the explanation for the pronounced individual differences 
which learning experiments always reveal. 


_I should like to thank Dr. A. D. Harris for much generous assistance in preparing 
this paper. Within the Nuffield Unit, the Director, Mr. A. T. Welford designed the 
apparatus and offered valuable suggestions in the course of the work. 
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AN EXPERIMENT IN PROBLEM SOLVING | , 


BY 


J. W. WHITFIELD 
(Psychological Laboratory, University College, London) 


Trial-and-error problems are described in terms of "stimulus" difficulty, which 2 
measure of the number of possible modes of response left to the individual when all He 
information given is taken into account; and “phenomenal” difficulty, which is a measu D 
derived from the individual's performance. An experiment is described in which thre 


I 


INTRODUCTION 
The need for description of a task. 


Tus experiment was performed as an attempt to describe in both quantitative ne 
qualitative terms the behaviour of individuals faced with a “trial-and-error” probler 
solving task. It has long seemed to the writer that there is an inadequacy of descrip- 
tion of tasks, and of stages in solution, in both problem-solving experiments and x 
learning experiments. asks are frequently described in terms of psychologic® 
theory or inferences from behaviour. As examples, the descriptive adjectives Ld 
be “trial-and-error” or else "insight." If, instead, we consider tasks as modified bY 
knowledge of results in stages during the solution, we may find a more satisfactory 
mode of description, referring to the problems themselves, and not to theory nor we 
necessarily to behaviour, Tt may thereby become possible to establish an inopi 
dent base line from which behaviour may be measured or described. Consider 
briefly the two types of problem mentioned above—"‘trial-and-error” and “insigh i 
it would appear that the “trial-and-error” problem is one in which there is a reas? 

ably high probability of achieving some degree of success fairly early in the atte 
at solution, and that both the correct and the incorrect elements of the partial succes" 
enum end acted upon, constrain behaviour closer and closer to the complet?! 
correct solution. An attempt at Solving an "insight" problem, on the other hand 


3 i d 
ght or completely wrong, and in the D tle 
until complete solution is obtained, 


z F ider 
having been introduced, it would be as well to cons 


n " . B e 

ioe in D rare Its usual reference in Psychology is derived im 
our, measure y the mean time or me ator ee 

or for fulfilling an accep te ee Amk ws 


obtain a solution. ‘fic 
Y rate, to consider a more objective form of dil take 


ri 
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fittingness of the question to each of the possible given answers. Other things being 

- equal, the “difficulty” is a function of number of answers given. This is, of course, 
only partially true, in the sense that behavioural “difficulty” can be modified without 
changing the number of answers—i.e. if all except one of the given answers are 
obviously absurd then the task is simplified. But this is an entirely different notion 
of "diffculty." These two types of difficulty may perhaps be named "stimulus 
difficulty," referring to the possible descriptions or measurements inherent in the 
form of the task, and “phenomenal difficulty" referring to the perceptual and cog- 
nitive aspects of the content or the mental processes required for solution. The 
analogy with terms in the psychology of perception is deliberate. As in the study of 
perception, “stimulus” is intended to be described in objective or physical terms, and 
"phenomenal" in terms of the behaviour of the observer. 

As mentioned earlier, the case of problem solving adds the further complication 
that difficulty is going to be affected by partial success and knowledge of results. 
At first sight it would seem not easy to allocate this change of difficulty to either 
stimulus or phenomenal difficulty, in that knowledge of results requires appreciation 
by the observer to be effective. However, if it is considered as information now made 
available, to be added to the basic information given in the problem, it can clearly 
be treated as a change of stimulus difficulty. 

Thus for the study of problem solving it is desirable that the problems chosen 
should be such that a measure of stimulus difficulty can be made, and that changes 
in stimulus difficulty in the process of solution can also be measured. The phenom- 
enal difficulty should be measurable from the behaviour of individuals. Further, 
the problems chosen ought to be such that qualitative observations, which may 
hint at the modes of solution attempted or the mental pretesses involved should be 
capable of record. 


Design of suitable experimental problems. ‘ ^ 

Simple derivatives of matching tasks were devised as problems conforming 
to the suggested requirements. Let us consider the simple task in which four objects 
are to be matched against four spaces—or four other objects. Fora first trial, there 
are 4! or 24 ways of arranging the objects. Thus the initial stimulus difficulty can be 
considered as a function of 24. Of these 24 arrangements, one is completely correct. 
In this case the stimulus difficulty ceases to exist, the problem is solved. Six of 
the possible first-trial arrangements give two correct matchings and two incorrect. 
We have now a great deal of information. For example, we may know that A goes 
on «, B goes on f, C does not go on 8, and D does not go on y. Altogether this 
information adds up to the statement that the solution must lie in interchanging the 
two incorrect objects. Thus, instead of the initial 24 possible arrangements, there 
is now only one possible arrangement. The stimulus difficulty has been reduced to 
some function of one. The phenomenal difficulty need not of necessity be similarly 
reduced—the objects may so closely resemble each other that it is almost impossible 
to remember which object was where. Eight of the possible first-trial arrangements 
have one correct matching and three incorrect. One of these is 


Ist trial 2nd trial choice of 
æ A A A A 
g C  leadingto (BorD) > either BorD 
y D > Bor C Cc B 
è B Cor D D C 


—two possible arrangements, one correct, the other giving sufficient additional 
information for the correct arrangement to be the only possibility for the third trial. 
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And still further, nine of the possible first-trial arrangements are without any 


correct matches. But they still give information. 


Ist trial 2nd trial choice of 
a B A, CorD 
B G leading to A, BorD 
Y D > A, BorC 
$ A B,CorD 


which has nine possibilities. Tabulating the possibilities 


solutions throughout) we have:— 


(For the first trial the number of possible arrangements is 24.) 


(continuing the correct 


Trial x Trial 2 Trial 3 
No. of No. of No. of 
possible possible possible 
arrange- arrange- arrange- 
Fre- ments for Fre- ments for Fre- ments for 
uenc: Trial 2 uenc: Trial uenc: Trial 
q ds 2d e Mz ud i 3 = 4 4 AJ correctiat 
6 I 10 1 1 n Trial 4 
8 2 2 2 
9 9 


Thus we can see how the stimulus difficulty is changing, and the variation in change 
with the degree of success achieved. 

The number of possible arrangements is not a very convenient measure to ie 
directly. This will be d-vious when one considers matching a greater number ° 
objects, he distribution tends to be Skewed very markedly, so much so that any 
simple average would not be meaningful and a transformed value is desirable. FOr 
the first trial, the nuinber of possible arrangements is #!, where 7 is the number 9 
objects to be ordered. This number is reduced trial by trial. It seems reasoriable 
to reverse the factorial process; if x arrangements are now possible, for this to 
measured as y, where y! = x. In the majority of cases x is not a true factorial, Dv 
the use of I" function tables overcomes this. Thus “y” is the number, which if 
could have a factorial, would have x as its factorial. This value y can be referre 
as the "Equivalent Series," ie. the problem is now at the same value of stimu T 
difficulty as would be presented for the first trial of a series of y objects. Thus alte 


a first matching trial of four objects, none of which is correctly placed, x = 9, 4” 
the Equivalert Series is 3'31. 


. Tn one sense this is absurd, as 
tion serves two useful functions. 
to the number of objects presente 

Simply appreciated). 
are applicable, i 
s a 


The logarithmic transformation as used by Shannon is not as suitable "arial 


T : H H H | 
r ie) da I With small probabilities of chance success, as in a a | 
[ number of objects, t} 7 irly c a i 
logarithmic measure fails Jects, the two measures are fairly closely relate 


to differentiate between th dition of the problem b 
Solved (E.S, — is set : n the condition of the pro olv 
the e i fea” 1 condition of having all the necessary information to 9 ' | 


3°31 objects cannot be matched, but the transform 
It restores the measure to a scale linearly rela 

d in the simple case (magnitude therefore dures 
It also reduces skewedness so that simple statistical proce 


: a ) fusion» 
but in , tn terms of information this does not involve any cont! 
a hoe pa Lela there may be, and often is, a difference between e 
available, a Purpose of this experiment was to relate behaviour to inform 


Single measure embracing both aspects of the problem was necessary: 
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First matching problem (the 8(x) condition). 

The process of “calibrating” the stimulus difficulty for longer series of matching 
tasks is tedious. The measurement of the individual's performance merely involves 
calculating the number of arrangements possible taking into account the information 
gained, stage by stage. But an overall value is required for the task, and, strictly, 
this means taking each possible initial trial (or a representative of each class), counting 
the number of possible arrangements left, trying each of these (or again repre- 
sentatives) and seeing how many arrangements are left after the second trial and so 
on. Fortunately the task can be systematized. In the first place, the distribution 
of successes by chance on the initial trial is known. Secondly, if there are, say, four 
unsuccessful matchings in the first trial, then it does not matter how large the series 
is, the number of arrangements left is still the same: i.e. we may treat it as a series of 
four with no correct matches on the first trial. The computation thus is a matter of 
ascending from two incorrect matches on the first trial, to three, to four, etc. Later 
trials are more difficult, but can also be systematized. ` 

This “calibration” has been performed for series of up to eight in length, eight 
being the value chosen for this experiment. With eight there are 8! possible arrange- 


ments (40320) on the first trial. 
No. of arrangements 


First trial frequency for second trial Equivalent Series 
I o o 
28 I 1:00 
112 2 2-00 
630 9 3:31 
2,404 44 4°39 
7,420 265 dP 545 
14,832 1,854 6:50 
14,833 14,833 7'52 


Expected Mean E.S. after trial 1 = 6:487. , 
Following on with trial 2 Expected Mean E'S. is 4:656 


» » » » 3 » » » »2:508 
» » » »4 » »  » »0810 
n" » ” » » 5 » » » »0128 
ad » » » » 6 » » » »0'006 
» » » » 7 » » »  »0:000025 
» » » » 8 » » » » 0000 


This provides the base line against which the average human performance can be 
measured. Any failures to use the information—either forgetting a correct match or 
repeating an incorrect match—meant that there were more arrangements left possible 
than there would have been had these errors not been introduced. This case of simple 
matching will be referred to as the 8 (1) condition of problem. 


Second matching problem (the 4(2) condition). 

A second matching problem using the same material was devised. . Instead of 
matching eight objects to eight spaces, and being told after each trial which objects 
Were correctly matched and which were not, eight objects were to be “placed,” two 
in each of four cells. The information given, for each cell was whether there were 
9, I, or 2 objects correctly placed. If one was correctly placed and the other was 
not, the correct one was not specified, the information being wá robur s 
s Pei incorrect. The initial stimulus difficulty " - Y LL Ai inis 

T within each cell is irrelevant, There are 2,520 initial poss 


of 81, the Equivalent Series being 6:65 (again referring to the equivalent 


: ` i T a tri ay be 
matching problem). But the information gained from à trial may 
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Consider the first trial:— 
Correct 1st Trial Possible arrangements for 2nd trial 

AB AE —ı correct either A with B, C, D or F; or E with B, C, D or F. 

CD CF. —ı correct either C with A, B, D or E; or F with A, B, D or E. 

EF BD —o correct Two from A, C, E and F. 

GH GH —2 correct Gand H. 
There are eight possible arrangements, but the A, E and the C, F alternatives e 
have to be remembered for subsequent trials. The first trial is straightforwar i 
ranging from 1 arrangement completely correct, to 297 arrangements with no ng 
entry, and leaving 297 possible arrangements for the second trial. Problems i. 
symmetry and of other forms of patterning make a systematic approach to pen 
expected distribution somewhat laborious and the values given here may not 
completely accurate. 


Initial Equivalent Series 6:65 
Expected Mean E.S. after trial 1 4:863 
2:623 
o:818 
0:079 
0:0001 
0:000 


DOUA wN 


This problem is referred to as the 4(2) condition. 


Third matching problem (the 2(4) condition). 


The third variation of the problem is on a priori grounds simpler still. € 
eight objects are to be allocated, 4 to each of 2 spaces. There are only 70 ways 
which this can be done! One of these is completely right, one is completely ers 
giving the information that a straight interchange of the objects is all that is ae n 
sary... As in the 4(2) condition, information is given as to the number correc " 
each cell—it is bouxd in this case to be the same for both cells, This is the z 
condition, and treating the problem in the same way as the others, we have:— 

Initial Equivalent Series 4:68 

Expected Mean E.S. after trial 1 3:908 
3:095 
2:156 
1:200 
0:355 
O'IIO 
0-016 
0:000 


D 
its » » » 


ON OUA UN 


In all conditions these values represent the calibration of the problem ces. 
of the average expected stimulus difficulty, trial by trial, throughout the performan ad 
They represent the average of all possible performances by a machine which nc 
perfect memory, but which otherwise acted purely at random. The perform? 
of eighteen human subjects, measured in the same way, are compared with ther ; 


Experimental material, instructions, and design. 
The eight objects employed were :— 


s in terms 


(1) Block of wood (2 in. x 12i Zi by 
(2) An empty CU CR S á a ut 5 D 
(3) A piece of brass plate (24 in. x rim. x RR) n o e oe S Es 
(4) A piece of brass tube—like a napkin ring (1j in. diam. x 22 in. ht.) G 
(5) A meccano 1 inch gear wheel E P 
6 dd Screw (23 in. long) .. vi ; RM 3 25 
olt with hexa; E 38 5 LER e d 
(8) A small metal Dem ro V ong or piin head) «c: Bk 


X bin. x } in. wide) 
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For the 8(1) condition a sheet of cardboard was divided into 8 spaces from left to 
right. For the 4(2) condition another sheet was marked out into quadrants, and 
for the 2(4) condition a sheet was divided into 2 cells, Left and Right. For an 
experimental session the subject sat at a table with one of the cardboard sheets on it, 
and the eight objects placed in a heap randomly beside it. In the 8(z) condition 
the instructions were, “Here are eight objects, and on the sheet of cardboard in front 
of you there are eight spaces. Each object has been allocated to a space at random, 
and your task is to find out which object goes where for them all. The procedure is 
this; after a trial (and a trial means all eight objects placed one in each space) I will 
place a card with the word “Correct” against each object which is in its correct cell. 
I will put nothing against an incorrectly placed object. You will then have half a 
minute to look at the display without manipulating it. At the end of that time I 
will take the cards away, shuffle the objects and return them to base and you will 
have another try. Except for the half minute for looking at the display there is no 
time limit." 

Similar instructions were given in the 4(2) and the 2(4) conditions, except that 
they were told that o, I or 2, or 0, I, 2, 3 or 4 cards would be placed in appropriate 
cells, but that in the conditional cases they would be told not which objects were 
correct, but only the total correct in the cell. 

Three random “correct” allocations were used and rotated between the conditions. 
The effects of order of trial (at least 48 hours interval between sessions was main- 


tained) were minimized by a factorial design :— 


ie. 8(1) 4(2) 2(4) 
Subject 1 ist 2nd 3rd 
2 1st 3rd ond 
3 * and ist 3rd 
4 2nd 3rd 1st 
5 3rd Ist and. * 
6 3rd 2nd » 1st" 


Similarly for subjects 7-12 and 13-18. 
For subjects 1-6 the correct orders were:— 
$( Bk R M P G Bo W S 
G W P Bk 
4(2) S-R | M Bo 
24) M P G S | W R Bo Bk " 


Tor subjects 7-12:— end 
80) G W P Bk S R M Bo 
MGE G S 
4Q) W R | Bo Bk 
24) Bk R M P| G Bo W S 
and for subjects 13-18:— 
810) M P G S W R Bo Bk 
Bk R M P 
4(2) G Bo | WS 
244) G W P Bk | S R M B° 

The eighteen subjects were students, research workers and staff from the Psycho- 
logical Laboratories at Cambridge and University College, London. 

Thus the experiment is balanced for straightforward comparison between the 
three conditions. Record was made of where each object was placed in each trial. 
The number of possible arrangements left at the end of each trial was computed and 
transformed into the Equivalent Series. 


` 
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II p 
RESULTS : 
The mean equivalent series, trial by trial, is shown for the three conditions d 
Table I. It will be seen that, compared with expectation, human performance 
TABLE I 
PERFORMANCE OF SUBJECTS COMPARED WITH THEORETICAL PERFORMANCE 
Equivalent series after trials 
ee 
Trials Theoretical Observed 
8(1) Condition: 
I T 6:487 6:491 2 
2 47656 4'701 
3 2:508 2:726 
4 0-810 1-183 
5 0:128 0:462 
6 0-006 O-III 
7 0-000025 0:056 
8 T me 0-000 0-000 
4(2) Condition: 
Tom 4:863 4785 
a 2:623 3:244 
3 e . 0-818 1:525 = 
4 <. z% 0:079 0:667 
5 Wes ae 0-0001 0:333 
è 6 T e 0-000 0:222 
o 7 0-167 
E E 0:056 
9 0:056 
Io 0:056 
II 0:056 
12 Em ae 0:000 
2(4) Condition: 
I xu 3:908 3:993 
2 37095 3143 
3 2:156 2-421 P 
4 1:200 1-401 
5 9:355 1:179 
6 O-110 0:778 
7 0-016 0:722 
8 0-000 0-722 
9 0:667 
10 0:556 
II o-389 
ae 0:333 
13 0:278 
t4 0:278 
15 0:222 
16 + s O-III 
a ee ee ee 


d 
, 2)an 
y good. But it is considerably poorer in the 4 $ m 


nal difficulty in the latter two conditions would 57^. 
y to some extent. Nine subjects in the 8(1) 


z rgo 
ency—i.e. they never repeated an error nor forg ( 


: t » in the 2 
cts did so in the 4(2) condition and only 2 in t 


the 8(1) condition is reasonabl 
the 2(4) condition, Phenome 
to outweigh stimulus difficult 
behaved with perfect consist 


correct match. Three subje 


———À 
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condition. Similarly, as a crude indication of failure to take account of all informa- 
tion, we may consider those instances where complete information had been obtained 
(i.e. if full account was taken of all information, the next trial would be completely 
correct) but where the subject failed to respond and produced a wrong arrangement. 


In the 8(1) condition 6 S's made r unnecessary trial 


» » » » 1S » 2 » trials 
» » A(2) » 455 x X » trial 
» » » » 2» » 3 » trials 
» » » » rS » 4 » » 
» » » ” zw » 7 » » 
» » 2(4) » 38's » I » trial 
» » » » i$ » 5 » trials 
» » » » ans a 6 » » 
» » » ” 2» » 7 ” » 
» » » » 2» » II ” » 


In the 2(4) condition two of the subjects failed to find a solution in 16 trials, at which 
point the experimental sessions were suspended. 

"The observations can be alternatively described in terms of the number of trials 
required for solution, compared in all cases with the number of trials expected cn a 
hypothesis of perfect memory, but otherwise random behaviour. 


TABLE II 


OBSERVED AND ExPECTED NUMBER OF TRIALS LOR SOLUTION 


pone mee 


8(1) Condition 4(2) Condition 2(4) Condition " 
A 

3i E. Oo. E. O. 2 og O. 
Ist *000 o "007 o :257 o 
2nd “IIO o 429 o 1:029 o 
3rd 1:916 I 5:700 1 2:057 1 
4th | 6:975 5 10:454 6 4:038 4 
5th | 6:975 6 1:408 5 5611 2 
6th 1:916 4 ‘002 2 3:572 2 
7th *IIO I — 1 I'131 
8th *000 1 — 2 0:285 
8+ m. — I = 9 


Ta ala 


3 An additional behavioural measure can be made in terms of survival of informa- 
tion. If we take the first trial, this has given some information, and any subsequent 
trial can be tested against it to see whether it is consistent, or infringes the information 
gained in trial r. If the later trial is consistent, we have no real way of deciding 
whether this was deliberate or not, whether the subject had remembered and was 
using the information gained earlier, or whether the vam i. Ug nde by 

ion gai s. [n 
chance or was derived from information gained in intervening tria , however, 
the trial is not consistent, then we call assume either that the subject has forgotten 

: sistent, then we € He Eh Ses as 
z information, or for some reason iS eliberately refraining fr si [a € TE 
i a take, trial by trial, a measure of the survival of information. On the parallel 
ith other survival distributions, we can assume this to be quasi-logarithmic in form, 


and t à 
Foe either the logarithmic decrement, or the half period as the measure of 


` e 


i i " 
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TABLE III 


SURVIVAL TIME oF INFORMATION 


* 8(1) Condition 4(2) Condition 2(4) Condition 
doe 
eriod ý ; 
Trial esed Trial | i period | Trial | 4 period 
TX 
I 6:81 2:41 I r7 
-96 1:65 2 1:33 
E ES Hen 1-62 3 Too: 
2:95 4-8 1:37 
8+ 2:23 
All 5:55 I*55 


AT" ; nomenal 
This agrees with the other quantitative data in indicating the ERE Ed 
difficulty of the tasks. The differences between the trials may jus 


s were nearer 
consistency with later trials may be due to the fact that the problems we 


Behaviour in the first tria 


p 3 informa- 
The ürst trial differs from the Succeeding trials in that the subject x x pert gne 
tion t£ go on at all. , He has been told that the correct matchings have be 


; manner. 
by chance, and might therefore be expected to respond in an equally random ma) 
He does not in general do so, 


In the 8(1) condition, the arrangement 
T 23557559 


WMP. * = Was given by 7 subjects " 
WPM.. Ns » » m2 P + . * 
PMW » » 93 we 


Thus 12 out of 18 subjects adop 
classification for their first trial, 


Similarly in the 4(2) condition, in the first trial: — 


W and M in Same cell 
R and G in same cell 
P and Bk in Same cell 8 
S and Bo in same cell 8 


5 subjects had all 4 pairs 
6 


» " 2 of the pairs 
4 » » I pair 
?nd 3 » » O pairs, 


12 subjects 
» 


» 


M P Bk 


(4) condition, 6 subjects divided the objects into W round): 
on one side and RS 


Bo on the other (a shape classification—square V- 
A further 5hadWMp 9n one side with some object other than Bk. 
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III 
DISCUSSION AND QUALITATIVE OBSERVATIONS 


The first conclusion to be drawn from the observations is that phenomenal diffi- 
culty (measured from the behaviour) and stimulus difficulty (measured in the manner 
described) are not in agreement. It is suggested that this difference lies primarily 
in the nature of the information gained by the subject, varying as it does from the 
unequivocal “‘correct-incorrect”’ information in the 8(1) condition, through the simple 
conditional form—the either this is right or that is right—sometimes found in the 
4(2) condition, to the more complex conditional form of one or two or three out of 
Íour are correct, found in the 2(4) case. Furthermore it is suggested that these 
differences force the subjects to adopt different methods of solution for the three 
tasks. A feature common to all three tasks is the attempt on the part of the subjects 
to impose methods of or aids to solution on to the task. The first of these has 
already been mentioned; the laying down of the material on the first.trial in some sort 
of meaningful order. The advantages of this procedure are obvious: instead of 
having to remember the position of eight objects, all that is necessary is to remember 
the basis of the classification. It is the introduction of a generalization, not as a 
method of solution, but as a means of organizing, and consequently of simplifying 
the data. The majority of subjects adopted some form of classification, easily 
identifiable from the records, in all three tasks. In the S(1) condition, many subjects 
adopted additionally a systematic approach to the solution, the best such system 
being "scanning." This is best illustrated by example. 


Correct. order M P G S W R Bo Bk 


Ist trial .. W MP R G S Bk Bo (size classification) * 
2nd trial .. Bo W M P R G S Bk (nioved one to right) 
3rd trial .. S Bo W M P R G Bk (continued) 
4th trial .. G S BoW MR P Bk ” 
5th trial w P G S Bo wR M BE » 
6th trial a MP GS W R Bo Bk » 

* =. dh. oral : 


Nine subjects used this method from the beginning, two others took it up after early 


` trials. + Some other systems adopted for part or all of the time were reversal of trial 


I order or interchange of adjacent pairs. In no case did there seem to be a complete 
absence of system of some form or other. 


The combination of an initial classificatory layout, and systematic change between 
trials reduces the phenomenal complexity of the problem enormously, the only 
problem remaining is memory of the items correct—the others are taken care of. 
It is perhaps worth noting that two individuals, faced with a sudden large increase 
In the number correct on one trial, broke down on the system. One subject failed 
to remember an item which had been in its correct position for two trials, and the 
other failed to move one of the incorrect objects to its next scannifig position. These 
may represent the effect of change from a set to avoid repeating errors to a set to 
retain the correct responses, but more evidence would have to be forthcoming for 


any definite conclusion, 


In The two other tasks, however, do not lend the 


ies 4(2) condition, several individuals attemp 
8^ it ignored some of the information. 
* 


imselves to such systematic solution. 
ted a systematic approach, even 


194 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


As an example :— 


Correct MP G S W R | Bo Bk 
Trial 1 -. Bo Bk P S G M R W 
EE A .. Bo W Bk S Gc P R M 
» 3 +. Bo M Ws G. Bk R P 

» 4 P M Bo S G W R Bk 

» 5 P M R S Bo W G Bk 

» 6 P M G S R W Bo Bk 


In this case the information from the first trial (i.e. that except for either P or S, 
none of the objects was in its correct position) was not wholly employed. Instead, 
Bo, S, G and R were left in position and the others were scanned. 

This may have an advantage, in cases where several cells have no correct entry, 
in making any information gained unconditional—as appears in the example given, 
at trial 3, where M is certainly placed. But if there are cells initially containing one 
correct object, certainty is not achieved. In the example, trial 2 gives one correct 
entry in cell 2, as had been the case with trial r. Although on a probability basis 
it is likely that this is S, it is not certain, as the same information would have been 
given were P and Bk the correct objects for that cell. A system like this, or some of 
the other less definite forms observable in the records implies a surrender of informa- 
tion, reducing the chance of early success in an endeavour to reduce the memory load 
of the task. Records of eight subjects indicate similar non-acceptance of information 
in keeping with some form of system. . 

Loss of information is even more marked in the third 2(4) condition, though it is 
less easy to relate this to any systematic approach. Rather than producing a 
system, and acting on if ‘ndividuals seem to make a hypothesis as to which objects 
are correct, and to test this hypothesis, and modify it trial by trial. This involves 
refererce back to earlier trials. In a few cases trials appear to be referred to the first 
trial only. An exarfiple ,, 


Trial consistent 
Correct order 


G W P Bk S R M Bo with trials 
Trial 1 MW P Ek S R G Bo 
*» 2 MWR Bk| S. P G Bor 
» M WP Bo | S^R G Bh 1,2 
» 4 M S P Bk W R G Bo 1,2,8 
» 5 M DOCE BEL S RG qW 1,2 
» 6 M BoP Be |S R G W ns (repetition trial 5) 
» 7 T x 5 Bk S R W Bo 1, 2,3 d6) 
» o Bk |S RWG ri, 2, 7 (rep. of trials 5 an 
» 9 R M P Bk S W G Bo tt 2 
» 10 R M P Bk|S we Bs 1, 3, 7 (rep. trial 9) 
» II M WP S Bk R G Bo 1, 2, 4, 5, 6, 8, 9, 10 
s = A a E a wW R G Bo 1,2,3,7 (rep. of trial 4) 
G I, 2, 4, 9, IO, II, 12 
» I4 S WP Bk]|G R M Bo :,2,3,5,6,8,9, 10, 13 
» 3 R WP BIS G M Bo 1,3,4,5,6,8, 11, 12, 13, 14 
» I € WP BS E.M Bo Constit with all 


Every trial is consistent with the first trial. 
effect. But every move was just another attemp 
at the end of trial. This can be seen fr 


The second trial also has ar 
t at solving the problem as le 

om the repetitions of trials—particularly the 
It is worth noting that, had the information 
een solved on the fifth trial. It is also worth 
rrangements consistent with trial 1, and it 15 


: stency with the first trial, that the solution WS 
not reached earlier as a matter of chance. 
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Another method of attempted solution lay in referring trials back to their immed- 
iate predecessors, neglecting information obtained earlier. As an example:— 
Trial consistent 


Correct order » M PGS W R Bo Bk with trials 
Thali +: w M P W Bk S R Bo G 
WB BE ws .. M W Bo S P R G Bk: E 
D ET .. W Bo G Bk MR P S 12 
» 4 € as M Ba €x R w P S Bk2 
» 5 M Bo G Bk WR PS €t 
» 6 M W R Bk P S Bo G 2,55 
m Um as x R Bo G@ S Ww M P Bk 2,5,6 
AE E we > WP R Bo M S G Bk 12,47 
» 9 M BoG S W R P Bk 68 
» IO M BoG R W P S Ek 2,9 (repetition trial 4) 
» II Bo P G S W R M Bk 2,4,5,9,10 
«12 zi .. M P Bo S WwW R G Bk 1,3,4,5,6,9, I0, 11 
» I3 s . MPG S WwW R Bo Bk al 


In this case, except for trials 4 and 5, all the trials are consistent with the trial 
immediately preceding, and several are consistent with the two immediately preceding 
trials, but on the whole information gained earlier than that is ignored. This pro- 
cedure stands in contra-distinction to the example given immediately above, and 
yet there is one important feature incommon. These individuals (like almost cil of 
the subjects) either could not or would not act upon all the information. The 
difference lies in their selection of information. 

Ina few instances there were examples of assumptions made which were erroneous. 
Some of these cases bear striking resemblance to fixated behaviour more usually 


mentioned in connection with experimental studies of cuaflict, As an example:— 


Correct order .. Bk R M P G Bo W S 5 
Urializ .. au G R WE Bk Bo M S o 

5 m» us 2s. BO Bo WC RE G R Bh M? 

26, 2 G R ES PU | Be Bo we M 


At this stage the subject decided that G and R should be placed in the left hand cell. 
For the next eleven trials these two objects were taken up first and placed confidently 
on the left, the subject then studying the remaining six objects. After the fourteenth 
trial this broke down, and G was correctly transferred to the right hand cell. Repeat- 
edly during the eleven trials information was presented which indicated that both G 
and R could not be on the left, but it was ignored. ] 

If an analogy with another type of problem is possible, these three examples 
are like three different attempts at a jigsaw puzzle. The first is lixe taking one 
piece and trying the other pieces against it; the second like taking one piece 
and trying another against it, taking a third piece and trying it against the second, 
and so on; whereas the third example is rather like deciding that "this brown piece 
must be part of the horse's head." BM . i 

Another interesting feature of the observations on this condition 15 that behaviour, 
with respect to the information of correct or incorrect does not correspond. to the 
actual value of the information given. As the objects are to be placed in either of 
two cells, it follows that the information that an object is incorrectly placed is equal 
in value to the information that it is correctly placed—merely requiring the subject 


to reverse its position. Information that none of the objects are in their appropriate 


cells is complete information. Three subjects reached this position. Two failed to 


]though a subsequent report from one subject implied 


act upon the information, a d ; $ 
that this was a memory failure rather than a failure to appreciate the value of the 


information. The third subject responded correctly, after a long pause, and with the 
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vould all 
observation “Would I be naive if I thought that if I reversed them they wo 
«he? is equal in 
É Fon E information that one object in each cell was n cw d Ts 
value to information that three objects are correctly placed in each o 3 in each ell 
only sixteen possible arrangements, whereas the condition of oo I | aei for if 
leaves 36 airangements. Behaviour was not consistent with this, nores od tr 
we take survival times of information from trials with these “success” s : 
X correct each cell 3 period of survival of information de fuss 
NY. iu .rl os = 3 aSo R 
A B muc. 

The phenomenal difficulty of the task after a one correct m e ed SAME 
greater than after a three correct trial even though the stimulus difficu itn by the 
This may mean that the value of "correct" is increased over Mp Írom more 
emotional implications of the terms. Or it could merely be a carry ov s where this 
normal problem situations (as in the two other experimental conditions third possi- 
equality of value ip terms of stimulus difficulty does not hold. Or asa ect objects 
z bjects’ set was towards the placing of four ee and that 
placing of each object into one of the two ce - T mule 
of the two cells, being one stage removed in the 
ot affect their behaviour. 


The nature of trial and error problem solving. 


i with its 
The nature of the trial-and-error problem has already been discussed, 
emphasis on the 
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or by selecting some of the trials and ignoring others, or by selecting some inferences 
from trials and ignoring others. In real life problem solving situations, in addition 
to these methods of selection (which may be persistent behavioural characteristics 
of the individuals) there are usually preformed evaluations of the value of different 
pieces of information, evaluations carried over from previous experience or training, 
etc. This only differs in the experimental situation in that the experizaent has an 
initial trial, which can be considered as effectively absent in the real life situation. 

It could be paralleled experimentally, by the use of material in which there were 
inherent clues as to the correct position; by instructing the subjects that there was 
some sense in the arrangement not just a random allocation. Some earlier experi- 
ments showed that inherent clues produced a greater chance of early success, but if 
this were not attained they interfered with any later solution. These experiments 
were performed using the simple matching problem only (like the S(1) condition); 
it would be of interest to see whether, in the more conditional cases the inherent clues 
took greater priority of attention. 

It is tempting to speculate on the relation of intelligence to these describable 
aspects of problem solving. For a functional definition, intelligence is bound to be 
concerned with ability to solve problems, but the working definitions on which most 
measurements of intelligence are based restrict it either to an appreciation of the 
formal structure of problems, or the ability to comprehend and manipulate a"? the 
information for a series of simple problems. The choice of generalization, or the 
process of selection and rejection of information are very rarely demonstrated in 
intelligence tests, and yet it may be that these are far more important in the normal 
use of intelligence; the production of a tentative "solution" to problems, the formal 
structure of which escapes comprehension. a 

The experiment described does not throw any light on this. Its design, balanced 
with respect to the three conditions, makes it difficult to compare subjerts. In 
addition, the variation in chance success in the first tria!, assumed to be balanced as 
farsas conditions are concerned by using eighteen subjects and rotating the experi- 
mentally “correct” orders between the conditions, is bound to lower any correlation 
of subject's performance between the three conditions. An experiment specifically 
aimed at this end is perfectly feasible. It would presumably require more subjects, 
and some standard system of constructing the "correct" order from the subject's 
first trial devised. It ought then to be seen whether there was any correlation in 
performance, and perhaps more important, any persistence in the qualitative methods 
of solution adopted. The observations would have to be validated against an external 
criterion of degree of success in coping with real life problems, if aiything of the 
nature of intelligence is to be associated with the performance. 


_ The writer wishes to thank his colleagues in the Psychological Laboratories at Cam- 
bridge University and University College, London, for their willingness to act as subjects, 
¿and their helpful discussion of the observations. 


a REFERENCE 


Shannon, C. "E. (1948). A Mathematical Theory of Communication. The Bell System 
Technical Journal, 27, 379-423. 


196 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


observation “Would I be naive if I thought that if I reversed them they would all 

Msn l l 
bg ps information that one object in each cell was correctly placed is Fee 
value to information that three objects are correctly placed in each cell. Bo a cell 
only sixteen possible arrangements, whereas the. condition of two right in et it 
leaves 36 airangements. Behaviour was not consistent with this, however, vue 
we take survival times of information from trials with these “success” scores we h 


I correct each cell 4 period of Survival of information 0-72 trials 
a y "o w "w^ e uu » » » Tog)» 


S 5 S» HM OE d o » » » 484 » 


i i or 

; the aim of the Solver—human, Les 1 

mechanical is to make this reduction as efficiently aS possible. The experimen e 
; under some conditions, does not sho 


partly as it is 
memory span for position. Twelve obj 
design, even more so t 


al individual's ability to remember would, 


ion of objects. This selection takes place 


€ of the objects and ignoring the others, ` 


| 


^ 


| 
| 


AN EXPERIMENT IN PROBLEM SOLVING 107 


or by selecting some of the trials and ignoring others, or by selecting some inferences 
Írom trials and ignoring others. In reallife problem solving situations, in addition 
to these methods of selection (which may be persistent behavioural characteristics 
of the individuals) there are usually preformed evaluations of the value of different 
pieces of information, evaluations carried over from previous experience or training, 
etc. This only differs in the experimental situation in that the experiment has an 
initial trial, which can be considered as effectively absent in the real life situation. 

It could be paralleled experimentally, by the use of material in which there were 
inherent clues as to the correct position; by instructing the subjects that there was 
some sense in the arrangement not just a random allocation. Some earlier experi- 
ments showed that inherent clues produced a greater chance of early success, but if 
this were not attained they interfered with any later solution. These experiments 
were performed using the simple matching problem only (like the S(1) condition); 
it would be of interest to see whether, in the more conditional cases the inherent clues 
took greater priority of attention. 

It is tempting to speculate on the relation of intelligence to these describable 
aspects of problem solving. For a functional definition, intelligence is bound to be 
concerned with ability to solve problems, but the working definitions on which most 
measurements of intelligence are based restrict it either to an appreciation of the 
formal structure of problems, or the ability to comprehend and manipulate a? the 
information for a series of simple problems. The choice of generalization, or the 
process of selection and rejection of information are very rarely demonstrated in 
intelligence tests, and yet it may be that these are far more important in the normal 
use of intelligence; the production of a tentative "solution" to problems, the formal 
structure of which escapes comprehension. Er 

The experiment described does not throw any light on this. Its design, balanced 
with respect to the three conditions, makes it difficult to compare subjevts. In 
addition, the variation in chance success in the first triat, assumed to be balanced as 
far«as conditions are concerned by using eighteen subjects and rotating the experi- 
mentally "correct" orders between the conditions, is bound to lower any correlation 
of subject's performance between the three conditions. An experiment specifically 
aimed at this end is perfectly feasible. It would presumably require more subjects, 
and some standard system of constructing the "correct" order from the subject's 
first trial devised. It ought then to be seen whether there was any correlation in 
performance, and perhaps more important, any persistence in the qualitative methods 
of solution adopted. The observations would have to be validated against an external 
criterion of degree of success in coping with real life problems, if anything of the 
nature of intelligence is to be associated with the performance. 

The writer wishes to thank his colleagues in the Psychological Laboratories at Cam- 
bridge University and University College, London, for their willingness to act as subjects, 
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BOOK REVIEW 


4 and Hall, 
Handbook of Experimental vue Ed. a S. Stevens. London: Chapman a 
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chology, the recent success of a few less ambitious books at least pede of the 
arguable, and the logic for a compendious survey of the facts and m Such a hand- 
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this has been achieved at a considerable price, discrimination- and maze-learning receiving 
only the most summary treatment. Human learning is an untidy subject, and Hovland, 
by devoting a page or two to each topic seriatim, does not warm to his subject until he 
gets to reminiscence and transfer. The English reader will be disappointed to find little 
or nothing on remembering, recognition and the effects of set. Of the &ther Chapters in 
this section, Hilgard on “Method” and C. T. Morgan on “The Psychophysiology of Learn- 
ing" are adequate, while the papers of Leeper on “Cognitive Processes" and®G. A. Miller 
on “Speech and Language” are less impressive. It will be sufficient if we comment on a 
chapter of similar quality by N. E. Miller on "'Learnable Drives and Rewards" which 
follows upon Beach's interesting review of studies of reproductive behaviour in a section 
on motivation. The importance of secondary reinforcement to Hull's theory is such that 
the inclusion of a chapter devoted to the subject needs no justification. ^ (Indeed the 
conception of organizing a series of papers on learning by subject rather than by species 
is one that might have commended itself to the Editor. Miller's contribution, however, 
Strikes us as incoherent in arrangement and not always convincing in its argument. 

We are in no way qualified to comment in detail on the remaining two sections of this 
handbook. Brink and Ruch contribute two chapters each on neuronic and cerebral 
mechanisms respectively, and Dempsey completes the physiological section with a paper 
on “Homeostasis.” The other, entitled "Growth and Development," contains an 
interesting review by Sperry of research on neurogenesis, C. S. Hall* survey of genetics 
provides the uninitiated with some useful comments on nféthod in this field together with 
a short bibliography of some of the literature. Nissen’s paper on interspecific comparison 
contains many references, omitted by the other contributors, which are relevant to 
motivation and learning, but his argument sometimes gets lost in the midst of éhese 
digressions. y , . 

In conclusion we must note the inadequacy of the subject index to this handbook. 
For instance, a long and useful footnote by Hovland on the learning of meaningful material 
(p. 622), and his paragraph on changed set (p. 677), are not referred to, and the tendency 
of different authors to use different terms, such as negative adaptation and habituation 
(pp. 364—366), is not always allowed for by cross references.- 

The present Handbook of Experimental Psychology is, in the jargon of the book 
reviewers, likely to remain the standard work fora number of years. While this assump- 
tion underlies the tenor of the present account, our criticisms shpuld not be allowed to 
conceal the fact that it will be of considerable use to the research worker and, perhaps, 
to the less dyspeptic among the undergraduates. Nevertheless, all those familiar with 
“Murchison” will come with mixed feelings upon the enigmatic entry in the Subject 
Index—-"'It, antecedent of, removal by Editor, 293.” BEER, J. 


EnnATUM.—In: Szafran, J. Changes with age and with exclusion of vision in 


performance at an aiming task, the concluding paragraphs on page 112 from “When 
the distributions of all time measurements . . ." to ^... developed by Kendale 
(1948) and Whitfield (1947)." on page 113 should be read as a legend to Table I on 
page 113. The paragraph immediately above Table II on page 114 beginning with 
"The differences in the values - . ." should be read as a legend to Table II. 
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